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* Soijae opinions ot eiiinent Engineers and Principals 
of Colleges of Civil Engireering or; the second edition 
'of the Book. 


(1) J. Neil&un Esquire, Senior Government In- 
spector of Railways, Circle No. 6, Bombay. 

<t; I beg to acknowledge with thanks the receipt 
of your book on Permanent Way and Points 
and Crossings. The information contained 
therein will certainly be of advantage to 
apprentices and staff starting their careers 
on open line/’ 


(2) W. A. Buyers, Esqr., Senior Government In- 
spector of Railways, Circle No. 5, Bombay. 

“ k cursory glance through the book shows that 
there is a lot of useful matter in it which 
must be valuable not only to the young ap- 
prentices learning their work but to the ex- 
perienced platelayer himself.” 


(3) Chief Engineer, Burma Railways, Rangoon. 
(2-? 1928.) 

“ I beg to thank you very much for your hand 
book on ‘ Permanent, way and Points and 
Crossings.’ It seenis a very useful ^ork and 
full of valuable information.” 
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(4) Chief Engineer, North Western Railway, Lahore. 

(23-2-1928.) 

14 I beg to acknowledge with thanks the receipt 
of you^ booklet entitled ‘ ]rer6iancrt Way & 
Points and Crossing?? I which appears to be a 
useful publication.” 

(5) Chief Engineer, B. B. & C. I. Railway, Bombay. 

(19-3-1928.) 

1 think your hand book on P. Way and Points 
and Crossings contains a lot of information 
which should be useful to those engaged on 
Permanent Way maintenance. ” 

(6) E. Fiascr, Esqr., A. M. I. C. E., OfEg. Chief En- 
gined, G. I. P. Riilway, Bombay. 

“ Your book ‘ Permanent Way & Points and 
Crossings * appears from a preliminary peru- 
sal to serve the useful purpose for which it 
intended and 1 congratulate you on your 
enterprise in producing sr handy a voii*^.. ” 

(7) G. E. Hooper, E<=qr., Chief Engineer, Way and 

Wotjcs. Ceylon Government Railway, Colombo. 

“ I have the honour to inform you that I have 
^eau your bo< i which contains much valua- 
• hie information. ” 
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(8) Lt.-Col. E. W. C. Sandes, Esqr., d. s. o., m.c., 
Principal, Thomson College", Roorki. 

“ I have tin honour to acknowledge receipt of 
a copy of handbook entitled ‘ Permanent 
Way & Points, and Crossings’ and to state 
that the book appears to be useful and has 
been placed in the College Library.” 

(9) Principal, Engineering College, Benares Hindu 
University, Benares. (5-3-1928). 

“Iam obliged to you for sending me a copy of 
your book on ‘Points and Crossings’ which 
is a very useful book to young Engineers es- 
pecially to those who have not the benefit 
of any training in an Engineering College. I 
must congratulate you also on the general 
get-up of the book. Wishing you every 
success.” 

(10) O. N. Gokhale, Esqr., Principal, Civil Engineer- 
ing College, Karachi. 

“Iam very thankful to you for the copy of your 
book you have so kindly sent me. I am 
glad to see that you have explained the sub- 
ject in such simple terms and the mere fact 
that you have run through your first edition, 
showB that the book must have Ven found 
very useful.” 
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(11) C. Tedman, Esqr., m. c., a. m. i. c. e., Dy. 

Chief Engineer, 6. 1. P: By., Bombay. 

“ I duly received a copy of your book and have 
to thank you for it. I have read* a good 
deal of your book and 1 can repeat my opinion 
on the first edition of the book. It should 
undoubtedly prove very useful to ail P. W. 
Inspectors and especially so to apprentice 
platelayers.” 


(12) A. E. Mould, Esqr., a. m. i. c. e., v. d., Bridge 
Engineer, G. I. P. By., Manmad. 

“ I have to acknowledge receipt of your book 
c Points & Crossings* with many thanks. It 
appears to contain a good deal of useful in- 
formation and will be added to my office 
library.” 


(13) F. G. Langdon, Esqr., a. m. i. c. e., Divisional 
Engineer, G. I. P. By., Nagpur. 

‘ ■ Many thanks for your latest book on 6 Points 
and Crossings.* I know of no other book of 
its kind which puts everything needed to the 
practical man so clearly and simply and feel 
sure ft must fiH a* long-felt want. May it 
bring you the pecuniary success it deserves.” 
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(14) A.McInoiny, Esqr., District Engineer, 0. 1. P. 
Rv., Mannvul. 


I have received a copy of your hand book 
‘Permanent Way arid Points & Crossings’ 
for which I thank you. It appears to me to 
be a practical summary of permanent way 
methods and should be of value to beginners 
and handy for more experienced men for oc- 
casional reference. 


J. Temple Esqr., Divisional Engineer, G. I. P. 
Jubbulpore. 

‘ Itliank you for your book on Points and 
Crossings. The revised edition seems most 
comprehensive and I am sure the Sub P. W. 
Inspectors and P. W. Inspectors will find the 
contents most useful to them.” 


(16) C. J. Keolan, Esqr., Divisional Engineer, G. I. P. 
Ry., Poona. * 

“Itliank you for the copy of your bock on P . 
Way and Points and Crossings. It should 
be found most useful to those engaged on P. 
Way, especially to Sub-Inspectors and others 
aspiring to become Inspectors.”* 
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(17) A. Oit, Esqr., b. so.. a. >i. i. c. l\, Resident 

Engineer, Relaying, G. I. P. Ry., Khandwa. 

“ Thanks very much for the copy ot your book 
on Permanent Way which I have received 
and which I read with interest. TKe book 
contains much information which should be 
very useful to all those engaged on perma- 
nent way work and I think you deserve much 
credit for the way in which the information 
has been compiled.” 

(18) K. C. Bakhle, Esqr., b. sc. (London), Resident 

Engineer, G. I. P. Ry., Parel. 

I have to thank you for the copy of your hand 
book on Permanent Way and Points and 
Crossings. It is an excellent publication and 
should be of great use to apprentice plate- 
layers, sub-inspectors, etc.” 

(19) Chief Engineer, South Indian Ry., Trichinopoly. 

(3-4-28.) ' ‘ 

“ In thanking you for sending me a copy of your 
book entitled ‘Permanent Way and Points 
and Crossings,’ I have to state that the book 
has been perused with interest. I am of 
*. opinion that Permanent Way Inspectors and 
Sub-Inspectors would find matter of interest 
and utility in the book and I think if the 
price i^ low, it might command a good sale 
in India.” 



Some opinions of Eminent Engineers on file first 
edition of the “ Noteson Points and Crossings/ v 


(1) A. B. Strange, Esqr., Chief Engineer, M. & S. M. 

Ry., Madras. 

“ Many thanks for the interesting little book you 
have been so good as to send me. I have 
been certainly struck by the clearness and 
simplicity of the methods employed in the 
various demonstrations.” 


(2) P. E. Keene, Esqr,, M. I. C. E., Chief Engineer, 

G. I. P. Ry., Bombay. 

“ I am very much obliged to you for sending me 
a copy of your small work on Points and 
Crossings, which 1 have perused with interest. 
I am quite sure that a small work of this 
kind will be found most useful by all Sub- 
Inspectors and Time-keepers and I congratu- 
late you on your production.” 

(3) R. V. Symons, Esqr., Superintending Engineer, 

G. I. P. Ry., Bombay. 

“ I beg to acknowledge with thanks your book 
of Notes on Points and Crossings. There are 
many useful practical hints in the book and 
it should be useful to Apprentices and Time- 



(4) W. G. Barnett, 'jlsqr., District Engineer, G. I, P. 

By., Poona. 

* c I am much obliged to you for ^ending me a 
copy of your little book on Points and Cross- 
ings. 1 think it is very creditable of you to 
have undertaken the collection of the infor- 
mation.” 


(5) N. P. Roe, E^qr., District Engineer, G*I. P. By., 

Manmad. 

“ I have received your book on Points and Cros »- 
ings. I think the book should be of con- 
siderable assistance to many of the Engineer- 
ing Staff. The intonuation you give appears 
to fulfil a want felt by many ot our Inspect- 
ors who are not conversant with sufficient. 
Mathematics to follow involved formulse, the 
result being that they often adopt the prac- 
tice of putting Points and Crossings in by eye 
if left to themselves. I therefore wish your 
book the success it merits.” 

(6) E. R. Danger field, Esqr., District Engineer, 

G. I. P, By., Jhan&i. 

49 I am much obliged to you for the small book on 
Points and Crossings you have sent me. I 
consider the book will be of great use to 
P.^Way Apprentices, Sub-Inspectors and 
others of th^fc class.” 



(.7) C. D. Swinhoe, Ipsqr., District Engineer, lG. L P. 

• By., Bina. 

“ I havejbo acknowledge with thanks the receipt 
of your little book on Points and Crossings. 
Froiti what I have seen of it, it would 
appear to be & very useful collection of hints 
% and tips put up in a handy form for 
carrying about on the line. It should thus 
a useful companion for both Engineers 
and P. W. Inspectors and especially for 
Apprentices and those who have not the 
advantage of long years of experience, to 
whom it should be of the greatest assist- 
ance.” 

(8) C. Tedman, Esqr., M.C., A.M.I.C.E, District 
Engineer, G. I. P. By., Nagpur. 

“ I beg to thank you for your book on Points and 
Crossings which appears to be a useful com- 
pilation. I wish you success.” 

.(9) A. Bremner, Esqr., District Engineer, G.I.P. By., 
Jubbulpore. 

“ Thanks for the book on Points and Crossings 
you have been so kind as to send me. 1 have 
glanced at it and saw one or two hints#which 
I am sure will be useful to Inspectors. I 
hope you will derive some benefit from it.” 

(10) A P. Campbell, Esqr#, Besident Efigingcr, G.I.P* 
By., Bhusaval, 



M If acknowledge* with thanks the little book 
which you have sent me. It would seem to 
me to be a most valuable companion for 
those who are not acquainted with the 
Mathematics of this section of a Railway 
man’s work. I am convinced the book will 
be of great use to beginners and even those 
who are more advanced in this profession.” 

(11) M. EHiot-Cooper, Esqr., Resident Engineer, G*I. 

P. Rv., Bhusaval. 

“ I have read through your book on Points and 
Crossings. There are a useful collection of 
facts and formulas ; it should be of assistance 
to the Permanent Way Staff, its size making: 
it especially handy for reference on the ground.” 

(12) R. Roche, Esqr., A. C. G. I., Resident Engineer, 

G. 1. P. Ry., Jalgaon. 

“ I have perused your book on Points and Cross- 
ings and I think it will be of assistance to 
those occupied on that work. I wish it all 
success.” 

(13) J. H. Morris, Esqr., Resident Engineer, G. I. P. 

Ry., Ahmednagar. 

“ I have read your book on Points and Crossings 
and am sure Amateurs, Apprentice-Plate- 
layers, Time-koepers etc. will find it very 
, useful in their work.” 
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II. • Preface to the Second Edition. 

v The success which attended the publication 
of the “Nofbs on Points and Crossings” for the 
5'-6* $aqge has encotfraged the Author to issue 
a second edition of the work as the first one is all 
out of print and there is still a persistent demand 
for the same. 

2. This edition has been largely increased and 
the whole work has been carefully revised and 
corrected where necessary. The added matter 
consists of several new articles on points and cross- 
ings, a. new chapter on G. I. P. Ry. practice, 
another one on curves and a revised schedule of 
Standard Dimensions in force and recommended. 
The miscellaneous chapter has also been enlarged, 
and re-arranged with a list of elementary geome- 
trical definitions and useful rules on mensuration 
which a Plate-layer usually comes across in learn- 
ing the theory of his work and in doing this, all 
technicalities which might confuse an' amateur are 
avoided. 

• 3. Amongst the Authors I have consulted, are 
Cole, Jones, Pudma Naben, Karamchand, and the 
Author of the G. L P. Ry. Hand-book for Engi- 
neers to all of whom, I tender my best thanks. 
My thanks are also due to Mr. H. Yesonath, B. EL, 
fur the help he gave me in making cut the dia- 
grams as required. 
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4. I also offer my most grateful thanks to' F. 
E. Keene, Esq., M. I. o. e., Late Chief Engineer, 

0. 1. P. Ry., and to C. Tedman, Esq v u. o., a. ,M. 

1. c. e., Dy. Chief Engineer, Q. I. Pf Ry., iox tlie 

valuable criticism and suggestions they^&ffered 
on the first edition and which have been attended 
to in this issue. * 

t 

5. The value of this small book lies in the fea- 
ture that it does not take the student up at an 
advanced point assuming that he knows a great 
deal of the subject but teaches him ab initio all 
that is necessary to learn in the theory of Points 
and Crossings and it is a matter of great personal 
satisfaction to me that the first edition of the book 
met with general approval of eminent Engineers 
'on the G. 1. P. and other Indian Railways as will 
be seen from the few extracts of opinions published 
in the beginning and I hope that this revised edi- 
tion will be found of even greater value to all 
interested in the Permanent Way Work. 

6. All suggestions and criticism will be most 
thankfully received. 


K. N. SALKADE. 


Burhanpur, January 1928. 



CHAPTER I. 

Points and Crossings. 

Explanation of Signs, Symbols, Terms and 
*v Definitions used. 

1. Explanation of symbols. 

C — Cord. 

G = Gauge of road =5'-C* 

D "== Distance between centre of tracks. 

N — Number of crossing. 

B = Radius of crossing. 

L = Lead of crossing. 

CL = Curve lead. 

SL a=s Switch lead. 

TP = Tangent point. 

TS = Toe of switch. 

HS — Heel of switch. 

TNC = Theoretical Nose of crossing. 

LT = Length of Turn-out or cross-over 
tangent to tangent. 

CT == Distance from tangent point to the 
reversing point of a Turn-out and 
a cross-over. 

ST = The straight track between reverse 
curves. 

BP = Reversing point. 

NO = Visible or blunt Nose of crossing. 

S = Spread of crossing. 

V = Versine of curve. 

W = Width of top q^raiL 
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2. Definitions of Permanent Wat. 

1. Permanent Way — Road completely equip- 
ped with rails, sleepers and fastening on 
which Railway Vehicles run. (Tlfe term 
permanent way is used to distinguish the 
finished Railway from the temporary tram 
roads used during the construction of the 
line, for making embankments and for 
carrying materials for the Railway from 
one place to another). 

2. Gauge — The dear distance from running 
edge to running edge of the top tables of 
rails laid parallel. The word gauge also 
applies to the instrument by which that 
distance is measured. 

3. Points — The movable rails by means of 
which trains are diverted from one road to 
another. 

4. Trailing and Facing Points — Points are 
either facing or trailing according to the 
direction from which they are approached 
by trains. When a train approaches the 
points from their heel, they are called 
trailing points but when they are approached 
from their toe or the thin end, they are called 
facing points. 
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5„‘ Gradient — The rate of slope of the ground 
ascending or descending of a rail road. 

A. Ruling gradient — The steepest rate of 
inclination which prevails generally on 
the line, being exceeded only on exceptional 
portions. 

7. Gradient-Post— Post fixed at every change 
of grade showing the rate of slope. 

8. Gant — The inward inclination of one rail 
to the other usually 1 in 20. 

9. Elevation or super-elevation— The height 
of the outer rail above the level of the 
inner rail on any curve. 

10. Crossing — The point at which two seta 
of rails cross one another. 

11. Diamond Crossing — A permanently fixeff* 
arrangement of tongue rails where one 
track ".crosses another, so arranged that a 
vehicle passing on one of the lines that cross, 
is enabled to keep to its own line. 

12. Switch Diamond crossing — Similar arrange- 
ment of one track crossing another as in 
ordinary diamonds but with movable 
switch rails. 

13. Triangle — A combination ©4, three sets of 
points and crossings laid in the > form of a 
triangle and situated, with the main line 
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in a way to allow engines or whole trains if 
necessary to be reversed to run engine fore- 
most. 

14. Tum-table — A circular table on a /mitral 
pivot supported by wheels at the circum- 
ference running on circular rails used for 
turning around engines. 

15. Tangent point — The point from which a 
curve commences. This is also called the 
initial point, theoretical point of switch or 
springing of curve. 

16. Curve lead — The distance from tangent 
point to theoretical nose of crossing mea- 
sured along the straight. 

17. Switch lead — The distance from tangent 
point to heel of switch measured along the 
straight. 

18. Lead of crossing — The distance, from theo- 
retical nose of crossing to heel of switch 
measured along the straight. 

19. Theoretical nose of crossing — The point 
of intersection of the gauge lines and from 
which all measurements are made. 

SO. Nose of crossing — The blunt, or visible 

nose of crossing. 

« 

21. Angle of crossing— The acute angle formed 
at the intersectibn of the rails. 
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22. Radius of crossing — The radius of the curve 
of the gauge line of one of the intersecting 

* raife, the other being straight. 

v Clearance — The clearance at heel of switch 
is the distance from inside edge of stock rail 
to inside edge of switch rail, in other words, 
tihe gap between the stock and the switch 
plus the width of the head of the switch 
rail. 

24. Cross or Transverse deepen— Baulks of 
timber generally rectangular in section 

' placed cross-wise to the rails. There are 
also iron and steel sleepers. 

25. Longitudinal sleepen or timbers — Baulks 
of timber laid beneath and parallel to the 
rails to give them a continuous support. 

26. Check rail — An extra rail placed parallel 
to the inner rail of track to relieve it from 
the sideways pressure of the wheels. 

27. Reverse curve — A reverse curve is one 
formed by two curves turning in opposite 

■ directions and meeting tangent to each 
other. Two curves turning in opposite 
directions but having a piece of taagent 
between them do not constitute a reverse 
curve although they are cdtamonly called 

BO. 
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28* Compound curve — A compound curve is 
formed where two or more circular curves 
having different radii and turning in tfee 
same direction meet tangent to eachjggier 
or one another in succession. 

29. Traverser. — A low frame dwarf carriage 
about 1 foot high, mounted on small wheels 
which run on rails laid at right angles 
to the direction of the tracks by means of 
which carriages are transferred, one at a 
time, to and from parallel roadB, without 
the necessity of shunting. 





3. TEEMS m GENERAL USE. 

Enfbankment, fill, bank and formation 
queans the same. 

2. Road and track means the same. 

3. Broad gauge and 5'-6" means the same. 

4. Stetre gauge and 3'-3§" means the same. 

5. Slack gauge and widening of gauge means 
the same. 

6. Cross and transverse sleeper means the 
same. 

7. D. H. or double headed rail means the same. 

8. B. H. or bull headed rail means the same. 

9. F. F. rail, flat footed rail, flat bottomed 
rail, flanged rail and Vignules’ rail means 
the same. 

10. Check rail, guard rail, guide rail and counter 
rail means the same. 

11. Curving rail and bending rail means the 
same. 

12. Canting and tilting of rail means the same. 

13. Even and square joints means the same. 

14. Staggered, broken and uneven joints means 
the same. 

16. S curve, serpentine curv£ and reverse 
curve means the saute. * 
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16. Cant, elevation and Super-elevation 
means tlie same* 

17. Toe of switch and nose of switch n^ans 

the same. r s 

18. Stock rail, main rail and back rail means 
the same. 

* 

19. Frog and crossing means the same. 







CHAPTER II. 

Points and Crossings. 

MEASUREMENTS 07 CROSSINGS, 

Diagram No. 1. 

A. Diagram 1 shows a common 1 in 8 crossing 
and the method of its measurements. 

In the diagram (1) point TNC is the theo- 
retical point of crossing. It is the inter- 
section of the gauge sides of the point rails 
and from it, all measurements are made. 
NC is the actual nose, commonly called the 
blunt note of the crossing and is rounded 
off. Centre of crossing C is the place where 
the face of crossing is the same width as the 
top flange of one rail and where the inter-sec- 
tions oi two lines drawn along the centre line 
of the two rails attached to the crossing 
would meet if extended on the crossing face. 

B. To find the centre of any crossing : — 

Measure the crossing across where it is 
exactly the width of the top flange of 
one rail. The centre point at this width 
of any crossing is the centre required. 

C. To find the theoretical point of any crossing: — 
(a) Place a straight-edge on one side of 

the crossing face or gauge sid& and let 
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it project a foot or so beyond the nose 
and on the opposite side of the crossing 
hold a string (both the string and the 
straight edge must touch the t edges 
of the crossing all the way along) 
and the point where the string crosses 
(intersects or cuts) the straight-edge, 
is the theoretical point of that crossing. 
(6) If a straight edge is not available, hold 
two strings one on each side of the 
crossing face (both strings must touch 
the running edges of the crossing all 
the way along) and let them project a 
foot or so beyond the nose. The point 
where the two strings will intersect or 
cross each other, is the theoretical point 
of that crossing. 

D. To find the distance from actual nose of 
crossing (this is also called the blunt nose) 
to the theoretical point : — 

Multiply the thickness of nose by the 
number of crossing. 

Example : — 

The number of crossing is 1 in 8 and the 
thickness of nose is f inch, 
therefore 8 X f = 6 inches, distance from 
actual nose of crossing to theoretical nose 
of : crossing. 
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E. Practical methods to find out the number, 

lead or* spread of any crossing : — Diagram ]. 

(а) Measure from the theoretical point of 
the crossing to where it is one inch wide 
across. As many inches as it is be- 
tween these two points, so many feet 
•is the spread or number of that cross- 
ing. 

(б) Measure from the centre C of the cross- 
ing (see diagram 1) to where the two 
rails attached to the crossing ( aa ) is 
1 foot across, or where from the inner 
edge of one rail to the outer edge of the 
other ( db ) the distance is one foot, the 
intervals between the centre of the 
crossing and either of these points 
aa or db are the spreads or the numbers 
of that crossing in feet. 

(c) Measure from the theoretical point of 
the * crossing to where the two rails 
attached to it from outer edge of one 
rail to the outer edge of the other is 
one foot across ff the distance between 
the two points / and TNC is the spread 
or number of that crossing in feet. 

(d) Measure from the theoretical point 
to where the face of the Crossing is G 
inches wide, multiply this distance by 



2 and the result will be the spread or 
number of that crossing in feet. 

l 

(e) Measure from where the face of the 
crossing is one inch wide across tc where 
the same is two inches wide. As many 
inches as it is between these two points, 
so many feet is the spread 4 or number 
of that crossing. 

(/) Divide the length of the crossing ii 
inches by the distances from running 
edge to running edge at both ends of 
the crossing (in inches) added together. 
The quotient will be the number of 
that crossing in feet. 

(g) Find out the places where the face of 
the crossing iB 6 inches wide on either 
side- The distance between these two 
places measured along the crossing is 
the number or spread of that crossing 
in feet. 

Note , — Numbers of crossings are always 
shown on the crossing chairs and it is very 
easy to identify them. The above rales 
will be found very useful to find the number 
of crossings when they cannot be identified 
by the numbers on the chairs due to being 
smeared with oil and dust. 





D.-agram N? 2. 
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5. NUMBER OF CROSSING. 

Diagram No. 2. 

W^en we say a 1 in 8 crossing, we mean 1 foot 
perpendicular offset for 8 feet base line from the 
nose of crossing i. e. one foot of spread in 8 feet 
length. In»diagram 2, a 1 in 8 crossing is repre- 
sented by a right-angled triangle in which A is the 
theoretical nose of the crossing, perpendicular offset 
is 1 foot and base is 8 feet. The Hypotenuse is 

= V^M-T^= 8 * 062 feet. 

Ordinarily when a man, who has not had the 
advantage of learning either geometry or trigonome- 
try, comes across geometrical or trigonometrical 
expressions, he fails to understand their meaning. 
It is for the advantage of such men that I give 
below a few, only a few out of many, geometrical 
and trigonometrical equivalents which they should 
try to understand thoroughly as they will help a 
great deal in solving all the problems connected 
! with the points and crossings. 

Geometrical and trigonometrical equivalents : — 

(1) Base 

= ^/Hypotenuse* — Perpendicular* 

(2) Perpendicular 

= ^Hypotenuse 2 — Base 2 
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(3) Hypotenuse 

= \/Base 2 + Perpendicular ; 

(4) Versine 

Hypotenuse — Bas e 
Hypotenuse * 

(5) Tangent a 

_ Perpendicular 
Base 

(6) Co-tangent a 

Base 

~ Perpendicular 

(7) Sine a Hypotenuse 

Perp endicular 

Hypotenuse 

Now that we know the values and relations of the 
above trigonometrical equivalents, it will be easier 
to follow Diagram No. 2. In this diagram, the 
right angled triangle ABC represents a 1 in 8 
crossing of which AB is the base, BC the perpendi- 
cular offset and AC the hypotenuse. When one 
side is known, find out the others : — 

(1) To find out the hypotenuse : — 

Hypotenuse ='\/Base il -f- Perpendicular* 

= V64 + 1 =8-062 
Hypotenuse. 
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( 2 ) 


To find out the perpendicular offset when 
base is known : — 

‘Multiply the base with tangent o' 
Tangent a = - 1 


Base 


— 


X /&- 1 Perpendicular offset. 

(3) To find out the perpendicular offset when 
hypotenuse is known : — 

‘Multiply the hypotenuse with sine a 
hypotenuse/ 

, , Perpendicular ] 

Sine a hypotenuse= — ■ - 

Hypotenuse 8*062 

X = 1 Perpendicular offset. 

(4) To find out the base when perpendicular 
offset is known : — 

‘Multiply the perpendicular offset with 
co-tangent a 9 

Co-tango* » - = f . 

]- X f = 8 = Base. 

There are other equivalents such as co-sine, 
-versed sine, secant, co-secant which, although 
not very difficult, I shall not deal with as we need 
the application oi only those given above. For 
values of those not dealt with here, see properties 
of a right-angled triangle under article 41 (10) 
Mensuration. 
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6. NOMENCLATURE OF SWITCHES AND 
CROSSINGS. 

Diagram No«3. 

Tongue and Stock rails. 

When viewed from a position facing the nose 
of points, the tongue and stock rails qn the right 
are right-hand tongue and stock rails and those on 
the left are left-hand ones. 

Crossings. 

When viewed from a position facing the nose 
of a crossing, a right-hand crossing has the splice 
rail on the right-hand side and a left-hand crossing 
has the splice on the left-hand side as shown in 
diagram No. 3. 

Crossings should always be laid with the full 
rail on the more important track (usually the 
straight track) so that a Turn-out to the right will 
require a right-hand crossing and a' turn-out to the 
left a left-hand one. 







Wing rails of crossings. 
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7. WING RAILS OP CROSSINGS. 

% 

Diagram No. 4. 

The point at which the wing rail is bent to 
form the frog of crossing is called the nuckle or 
elbow of 'the wing rail. The methods of finding 
out the distances from the actual nose to theoretical 
nose of crossing and from theoretical nose of cross- 
ing to elbow of the wing rail or from actual nose of 
crossing to elbow of wing rail are described below : — 

(a) To find the distance from actual nose of 
crossing to its theoretical nose : — 

‘Multiply the thickness of the nose by 
the number of crossing. 9 

(b) To find the distance from theoretical nose 
of crossing to elbow” of wing rail : — 

'-•Multiply the number of crossing by If. 9 
(If being the flange-way clearance of 
the crossing rails.) 

(c) To find the distance from actual nose of 
crossing to elbow of w r ing rail : — 

‘Multiply the number of crossing by 2i. 9 
(2£ being the sum of flange-Vay clear- 
ance and the thickness of the actual 
nose of crossing, If plus § = 2 J.) 


3 



Example : — 
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Number 

of 

crossing. 

i 

t 

Thick- 
ness of 
nose of 
crossing 
in 

inches. 

a 

6 

1 c 

1 

Thickness of 
nose of 
crossing 

X 

number of 
crossing 

D*. stance 
from actual 
nose to then- 
loticul now 
of crossing 
in inches. 

Number of 
crossing 

X 

Flange-way 
clearance 1J" 

331s lance 
from theo- 
retical nose 
to elbow of 
wing rail 
in inches. 

Number of 
crossing 

X 

sum of liange- 
./ay clear- 
ance plus 
thickness of 
noso 24 * 

Distance 
from actual 
nose to elbow 
of wing rail 
in inches. 

lin 6 

! 

41 

104 

15 

1 in 8 


6 

14 

20 

1 in 8| 

tv 


14J 

21J 

1 in 9 


oi 

1 r>£ 

224 

lin 10 



174 

25 

lin 12 


9 

21 

30 


and so on j 

• " * 



The action of wheels passing over the crossings 
renders the wing rails liable to wear out more quick- 
ly than any other part of the crossing. Such worn 
out rails are unpleasant as they cause a regular 
bump on the crossing and should be renewed as 
soon as the top-table of the wing rail in front 
of the frog is worn out about J inch. New wing 
rails of the proper spread for the different crossings 
should be made as follows : — 
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Take # a rail 15 feet long and mark on it the 
place wl^ere you wish to have your nuckle or elbow. 
Put your jim-crow on this mark and bend the rail 
tci the right or to the left as you may want. Put 
a small bar in the mouth of the jim-crow while 
bending the rail so as to have a sharp nuckle instead 
of a fht one. Now make a mark on the rail from 
the nuckle at a distance of 6, 8, 10 or ' 12 feet or 
at any distance for whatever number of crossing 
the wing may be wanted. Hold your height- 
board in line with the face of the bent portion of 
the .rail in the direction of the dotted line and mea- 
sure the spread from running edge of the rail to 
the face of the height board. For a 1 in 6 crossing, 
you should have a 1 foot spread at a distance of 
0 feet from the mickle ; for a 1 in 8 crossing, the 
spread should be 1 foot at a distance of 8 feet from 
the nuckle ; for a 1 in 10 crossing, at 10 feet from 
the nuckle and so on. The end of the wing rail 
should he bent so as to be If inches from the cross- 
ing rail. The bend at the end should be gradual and 
not abrupt. The j im-crow should be applied gradual- 
ly till the rail is bent to the required spread otherwise 
there is every possibility of the rail breaking off. To 
avoid this, it is desirable to heat the rail before 
bending with the jim-crow. There will then be no 
danger of the rail breaking. Wing rails of bull headed 
or double headed rails of any section arp very easily 
made in this way and replaced at any time without 
waiting for new ones to be supplied. 
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8. TO FIND OUT THE NUMBER OF DIAMOND 
CROSSINGS. 

Diagram No. 5. 

Mark the place where the distance between 
the gauge lines is 6 inches wide across and measure 
the distance from this point to centre of elbow of 
wing rail. Then divide this distance in inches by 
6. The quotient will be the number of the diamond 
crossing. 

Example : — 

If the distance from the point where the width 
of gauge lines is 6 inches wide across (see diagram 
No. 5) to the centre of elbow of the wing rail is 51 
inches, the crossing is 1 in 8J. If it is 48 inches, it 
is 1 in 8. If it is 60 inches, it is 1 in 10 and so on. 

9. CURVE LEAD. 

Diagram No. 6. 

(«) AB is a cord giving us the versine of the 
arc at the centre point, which is the tangent point 
of our turn-out. The distance from tangent point 
to theoretical nose of crossing is therefore equal to 
half of the cord AB. The versine in this case is 
5'-6\ which is equal to our gauge. Let us now 
assume that our crossing is 1 in 8 and that its radius 
is 704 feet. 








Diagram N9 6. 






Diagram N?7. 
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Thjcn jbo find the length of this half cord, we 
have : — 9 

•\J (Diameter — V ersino) X Versine cord. 

• (701 feet radius X 2 = 1408 feet diameter.)*' 
=V04 08-5J) X5£ 

= Vl402| X 5^ r)7>/J 7i' 

= \/7711 = 88 nearly. 

= 88 being half coid or curve lead, the dis- 
tance from tangent point to theoretical nose of 
crossing measured along the straight. 

C s 

(b) = Versine = 5*5 feet. 

conversely 2Rx Versine = C® 
therefore C 2 — 2 X 704 X 8'5. 

0 y/i X 704 _ x5 : 5=88 
.'. 88 = Half cord or curve lead. 

(c) CL 8ri*’>$vc lead is equal to (2 6 N) 
where G is the gauge and N the number or 
lead" of crossing, 

therefore 2 X5| x 8 = 88 which is CL or 
curve lead. 

10. SW11CJI LEAD. 

Diagram No. 7. * 

(a) AB is a cord giving us the versine of the 
arc at the centre point, which is onr tangent 
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point of the turn-out. The versine in this 
case is equal to the clearance from running 
edge to running edge of rails at heel oi 
switch whicli is inches. Then to find 
out the length of half the cord AB, we have : — 

\f (diameter— Versine) X Veisine =1 cord. 
(704 feet radius X 2 = 1108 feet diameter.) 

* vra 

= -y/1407| X | 1 Si ~ 

= ^528 =» 23 nearly. : 2 ; * 

23 = Half cord or switch lead being the 
distance from tangent point to heel of 
switch measured along the straight. 

(b) SL or switch lead is equal to (2*8 X N) 
where N is the number oi ci orbing. 

Example 

N is 1 in 8 

therefore 2 *8 X 8 =22*4 or «,/ k 23 which is 
SL or switch lead. 


11. LEAD OF CROSSING. 

It will be now understood that CL or curve 
lead minus SL or switch lead, would be equal to L, 
the lead of crossing. 

CL — SL = L, the load of crossing 
or*L or lead of crossing = (8'2 X N) 

**8-2 X 8=65*0. 




BASE 



Radius of crossing 

D 'AGRam N° 8. 






Diagram N? 9. 
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12. RADIUS OF CROSSING. 

Diagram No. 8. 

> In diagram 8, ABC is a right-angled triangle. 
AB is the base and BC the offset which is equal to 
curve lead or 2GN. Now find out AB the base 
when offset BC is known : — 

AB is equal to R — G = CL X N or 2GN 3 
therefore R is equal to 2GN 2 approximately, 
or 2GN 2 +11 0 very closely, 
where G — 5'-6" 

N = 1 in 8 

.*. 2 X5| X8 2 +Hx5£ 

= 11 XG4+8f 
= 704 + 81 

= 712 } or say 712 radius. 

13. DtstAN£E_BETWEEN crossings. 

Diagram No. 9. 

Let us assume that our roads are at 14 feet 
centres, the gauge is 5'-6* and the numbers of 
crossings are 1 in 8. 

In diagram 9, BCE is a right-angled triangle 
. of which BC is the base and CE the •off set which is 
equal to D — 2G ( 14 — 11 = 3 ) approximately. 
Find out the base. 
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‘To find out base if perpendicular offset is 
known* : — 

‘Multiply the perpendicular offset with 
co-tangent a .’ 

3, Perp. offset X 8 , co-tangent a 
= 3x8=54 approximately. 

In the above, we have assumed that the offset 
CE is equal to I) — 2G but this is not strictly correct. 
The distance EF at right angles to the cross-over 
line is 5'- 6*. The distance EG, at right angles 
to the main track is obviously a little longer than 
EF or the gauge. 

The formula (D — 2G) N is therefore only appro- 
ximate as it assumes that the distance EG is only 
5'-6* when it is obviously a little longer. To find 
the difference between EF and EG, we shall have 
to further dive into Trig oi^oni p,try , - ivhich is not 
my purpose to do. It will suffice for the purpose 
of a practical plate-layer to know that this difference 
between EF and EG is accounted for by the term 
D 

The correct formula to find out the distance 


between crossings TNC to TNC would therefore 
be(D-2G)N-jfk' , * G. . , , 
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Therefore 


(D - 2G) N 


T) 

4N 


(14 - 2 X 51) X 8 - 

14 

32 


(14 - 11) X 8 

14 
32 


(3) X 8 — ^ 


24 


L 4 _o 3 2 

32 — 16 


23'-6|*. This is the correct length 
of EC the base. 



CHAPTER III 

Measurements of Points and Crossings. 

14 . LAYING POINTS AND CROSSINGS. ' 

Prefatory remarks. 

Before commencing to lay points and cross- 
ings, it is advisable to take all measurements, care- 
fully making due allowance for expansion and have 
all rails and closures nicely cut and drilled, care 
being taken to see that no burrs are left in fish 
bolt holes. Crossings must be laid to exact dis- 
tances but a little allowance may be made in 
practice to save unnecessary cutting of rails, 
bearing it in mind that if the lead is made longer 
than the correct one, there will be an ugly kink 
near the crossing. If it is made shorter, there will 
be a piece of straight near the crossing which is a 
good thing. r 

Always spike the straight line first by the eye 
and then bring the curved rail to exact gauge at 
heel of switch and spike the heel chair. With 
crossings the rule as to spiking the straight line 
first, also applies i. e., first spike the check chairs 
on the straight line, then the crossing and last of all 
the check chairs of the curved side. The gauge ( 
should always be tried at the nose of crossing and 
at each dnd and care should be taken to see that 
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all three places are exact gauge before any portion 
is spiked, lie gauge should be kept on until all 
the Spikes are well driven home. 

2. » It has been a practice in the past to spike 
points and crossings from V to §" tight to gauge 
but this has since been prohibited and it is now 
generally laid down that points and crossings must 
be laid to exact gauge. Moreover the gauge be- 
tween points and crossings should be uniform from 
one end to the other and that it must notvary. 

3. The tie rods for points should be of proper 
length and if the points arc laid to exact gauge, the 
throw or the clear distance between the nose of 
switch and the stock rail will be 4J". The points 
must always be lifted Avitli locking bolts on either 
side so that they could be set and locked for one 
road or the other as required. With points having 
round tie rods between the tongue rails, the main 
defect is that the o* switch jumps up as soon 
as its heel is pressed by a passing vehicle and 
while a train is passing over a pair of points press- 
ing the heel on and off, the toe of switch keeps 
jumping and damages the stock rail. To prevent 
this jumping of toe of switch, new pattern tie rods 
called “Williams’ Stretcher bars” are now used 
as they effectively prevent the jumping. If they 
are not available, a piece of 3" T iron 6J feet long 
should be passed from underneath the stock and 
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tongue rails and so bolted to the tongue rails by 
means of brackets that it will just touch the under- 
side of the stock and tongue rails and easily slide 
along with the tongue rails when the point lever 
is worked one side or the other. Being fixed under 
the stock and the tongue rails, this T bar will 
effectively stop the jumping of toe of switch even 
when its heel is pressed. Heel bolts with cast iron 
distance blocks and creep bars should be used to 
prevent the switch rails from creeping ahead and 
fouling points should be fixed to show where vehi- 
cles may be left without fouling the adjacent lines. 

4. Check rails should be never less than 7J 
feet long and the bend at the end should not be too 
abrupt. If check rails are short in length, they 
should be placed well forward to protect the nose 
of the crossing. The front end of the check rail 
should be at least 3 feet ahead of the nose of cross- 
ing, so that it may safely guide the*wheel past the 
gap in front of the nose. The check rail should 
be bolted with three bolts, one in the centre and 
one at each end, to the running rail to prevent it 
from tilting in case the keys were slack, which 
might cause a derailment. The proper distance 
between the check and running rail flanges is If 
inches. 

5. On Construction or new works, a plate- 
layer can take his own time and do the work at 





Diagram N910 
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case, but such is not the case when alterations are 
to be made in running main lines where work is 
got 1 6 be done within a given time. It is always 
advisable in such cases to mark out the position 
of the alterations ‘before attempting to break the 
i oad and have all materials ready at hand. Always 
ask lor an hour or so more than you think you would 
want to finish the work as it is very likely that 
some iw foreseen circumstances might crop up 
in your way and hamper the work. If however, 
you fail to do the work in the given time, do not 
get excited, but put yourself calmly to it and see 
it is properly done. Never remove your protection 
da g& until every thing is finished, no matter what 
traius you detain, because it is comparatively’ very 
easy to explain? the detention of half kuhonr than 
to explain an accident. 


15. to set out Curve leap of a 

CROSSING AND TURN-OUT BY OFFSETS. 

Diagram Nos. 10 and 11* 

• In diagram 10, let us assume that the turn- 
out is of a 1 in 12 crossing with 08 feet lead^ and 
radius of curve 1592 feet. 




Diagram N? 12 
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We therefore have : — 

offset. 

122® _ 132 X 132 17424 

2R ~ ~2 X 1592 — 3184 ~ 6 * 6 
100® 100X 100 10000 

211 2 X 1592 ~ '3184 ~ 3 

80- _ 80 X 80 6400 

2R ~ 2 X 1592 — 3184 ~ 2 
60® 60 x 60 3600 

2R “ 2 X 1592 ~ 3184 ~ 1 'H 

40® 40 X 40 1600 

2R 2 X 1592 ~~ 3184 ~°‘ 6 

We have now found out the offsets for these 
cords. Spike down your curve line fixing it at 
these offsets and you will have got your curve 
correctly laid to the proper radius. The same 
method can be adopted in setting out the curve of 
a turn-out as explained in diagram 11. The off- 
sets are to be measured from gauge side to gauge 
side of rails. 

16. ANOTHER METHOD TO ALIGN OR SET 
OUT A CURVE BETWEEN POINTS AND CROSS- 
INGS TO A GIVEN RADIUS. 

Diagram No. 12. , 

The curves between points and crossings at 
times get out of alignment due to various reasons 
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and it is necessary to adjust them to their proper 
radius. If this is not done, they look very ugly 
as either kinks or straight portions are fcrmed 
in the lead. A good method of rc-adjusting such 
curves is explained in diagram 12. The formula 

. _ , . i cor ' . 

lor finding out the versrne is = Vereme. 

In diagram 12, measure the cord AB from the 
heel of switch to theoretical point of crossing and 
mark the point C midway between A and B. The 

l cord 2 

versine or offset at C will be equal to gg-" which 

in this case, we shall assume to be as under : — * 
Cord AB is 68 feet. 

Radius of crossing is 712 feet. 

Since AB is 68 feet, AC which is half of AB, 
is equal to 34 feet. 

_ | cord 2 AC 2 34 2 1156 

therefore 2K - 2R 2 x712 ~ 1421 

9£ inches offset or versine at the point C. 

We ha\e now found out the versine at C. Hold 
a string tightly stretched between A and B an 
measure the versine at C. Slew the curve lii* 
until you get the correct offset at C which in tb 
case is 9J inches. The same method can again 7 
followed to determine the offsets at D and 
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Measure the cords A C and.C B and mark the mid- 
way points D and E. The oiiset or versine at D 


cor( i2 

will he equal to Since A C is 34 feet, A D 


which is half of A C, is equal to 17 feet. 


Therefore = 


' AD 2 17 2 289 , „ 

2R = 2~x Tl2 = 1424 = 2 1 « ofisefc or versme 

i t the point D. 


Similarly the offset at E will be= 


| Cord 2 
R : 


CE 2 
: 2 R 


2 X 712 


289 

1424 


*ie 


versine at 4&e point E. 


It will be seen that the offsets at D and E will 
be exactly Jth of that at C. Having now deter- 
mined the offseis at D and E, slew the curve at 
hese points until you get the correct offsets taking 
we not to move or shift the point C already fixed, 
ou will then find that your curve between the 
,i\ of switch and the theoretical nose of crossing 
correct to the given radius which in this case is 
■mned to be 712 feet. 



17. Turn-outs with straight be- 
tween REVERSE CURVES.*" 

Diagram No. 13. 

In diagrams C to 9, we have learnt to' find ont 
the curve lead, switch lead, lead and radius of 
crossing and also distances between crossings. 
However the formulae are repeated here : — 

To find (S L) the switch lead : — (2 '8 x N) 

To find (C L) the curve lead : — (2 G N) 

or: (Dia.— V) XV 

— £ cord = CL. 

To find (L) the lead :-CL-SL = 

Lead 

or (8 -2 X N) = 
Lead. 

To find (S T) the length") 
of straight track bet- 4 « _ J) 

ween the reverse cur- \ ' 4N 

ves. 

To find (L T) the length 
of the turn-out T. P. 
toT. P. 

To find (R) the radius of crossing. (2 GN* -f 1|G) 

To find (N) the number \ J R — 1$ Q 
of crossing. J * 2G 




(D+2G)N 





'ITH STRAIGHT BETWEEN REVERSE CURVES 
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Solutiop : — 

Let usT assume that 

G is = 6$ feet. 

N is = 1 in 12. 

D is = 14 feet. 

Then to find : — 

(SL) = (2 8 X N) = 2*8 X 12 *=33*6 feet. 
(CL) = (2 GN) =2 x 5$ x 12 =132 feet, 
or V(Dia. - V> x V = $oord = CL. 
(1592J feet radius X 2 = 3184J feet dia- 
meter.) 

= V(3184£-5J) X 5J 
= V'3179 X 5J 
= Vl7484 
== 132 feet. 

(L) = CL — SJj = L 

= 132 — 33 6 = 98 *4 feet, 
or (8-2 x N) = 8-2 X 12 =98*4 feet. 

<ST) = (D-2G)N-^ 

= (14-11)12 -g 

= 3 X 12—0*291 
= 35*709 = 3S'-8i' 
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(LT)=(D+2G)N 
= (14+2 X 61) 12 
= 25 X 12 
= 300 feet. 

(E) = (2 G N* + 11 G) 

= (2X51X12X12+11X61 
= 1584 + 81 
= 15921 fee t. 

(N)=V^i^5 

J15921- 11X51 
V 2 X 51 
'15921 - 8 i 
“V ii 

11584 

11 

=Vii4 

= 12 number. 

18. Turn-outs with reverse curves. 

Diagram No. 14. 

The values of SL, CL, L, N and E remain the 
same aa before as explained in diagram 13 under 
turn-outs with straight between reverse curves. 
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The onljr changes in this case are the distances CT 
and LT. « 


To find (CT) the distance*) 
from T. P. to the re- 
versing point of the 
tu^p-out. 




£VD(4R-2G-D) 


or it could also be found 
out by inverting for- 
mula jpg— versine where 


versine is known. 

To find ( L T) the distance ^ 

from T. P. to T. P. the >'\/d (4 R— 2 6— D) 
full length of turn-out. j 


Solution: — 


(o) CT =iVD(4R — 2G-D) 

=* \ VH (4 X 1592J - 2 X 5£ — 14) 

= \ \/l4 (6369 - 11 - 14) 

= i\/lT(6344) 

= 4\/(88816) i i_ y 2 yB'O a. 

= i X 298 v 

= 149 feet 

. (6) C T. 

The reversing point of the turn-out lies exactly 
in the centre of the distance D between* ^he two 
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tracks ♦. e., it is | D. Wien offset V which is 
equal to half D is known, we can find out the length 


(12 

CT by inverting formula = versine. 


(? 

2R 


= V which in this case is $ D = 7 feet 


. • . C* = 2R X V =2 X 1592J X 7 

C = \/2 X 1592J X 7 =149 
• * • 149 = CT or half the length of 


the turn-out T. P. to R. P. 


(LT) = y/ D (4R — 2G — D) 

= y/ 14 (4 X 1592£ - 2 X 5J - 14) 
= y/ 14(6369-11 -14) 

= y/ 14 (6344) 

= y/ (88816) 

— 298=length of turn-out T. P. 
to T. P. 


Comparing LT in diagram 13 with LT in 
diagram 14, it will be seen that the former is 300 while 
the latter is 298 ox 2 feet short due to reverse curve. 


19. Cross-over roads. 

Diagram Nos. 15 and 16. 

Cross-over roads are of two kinds, one with 
straight between reverse curves and the other with 




Diagram N? 15. 
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reverse curves exactly the same as turn-outs. Dia- 
gram 15* shows a cross-over with straight between 
reverse c&rves. The values of CL, SL, L, N,R, 
§T and LT are exactly the same as shown in dia- 
gram 13 and worked out in solution under turn-outs 
with straight between reverse curves. 

W^th cross-over roads with reverse curves 
the values of CL, SL, L, N and R are the same as 
for cross-over roads with straight between reverse 
curves. The only difference is in the distance 
between the two crossings and the distance LT. 
Distances CT and LT of these cross-over roads are 
the same as shown in diagram 14 under turn-outs 
with reverse curves. 

CT = \ - D) «= 

Q2 . . , , ' 

or = V where V i&faiown beings* 
J D = 7 feet. 

0 3 ’ = 2 X 1592J x 7 
/. C = v 7 2xT592j X 7 = 149 feet. 

LT = V 'D (i R - 2~G -D) = 298 feet- 

Distance bet ween 

crossings in cross- J (4 R — 2 G — D) 

over roads with C — 4 G N® 
reverse curves. J 

or(CT-CL)x 
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Solution!— 

(«) = +/li (4 X 1592J -2x6i -~i) 

- 4 X 5J X 12. 

= n/14 (6369 — 11 —14)— 264 
= Jli (6344) - 264. 

— - v^Slf. — 264 
= 298 — 264 

= 34 feet. Distance between the two 
crossings TNC to TNG. 

(b) CT — CL = £S. CT is the distance from TP 
to RP, the reversing point of the cross-over 
road which we have found out to be 149 feet. 
Deduct from this the curve lead and we will 
get the length of £S. (149-132=17). 

S is therefore equal to 34 feet. 

Comparing S the distance between the TNC 
of the two crossings of a cross-over road with 
reverse curves with ST, the same distance of cross- 
over roads with straight between reverse curves, 
it will be noticed that S is shorter than ST which is 
due to reverse curves. 

20. Cross-over roads with different 

ANGLE OF CROSSINGS. 

Diagram Nos. 17 and 18. 

Usually the two crossings in a cross-over road 
are of the same angle but sometimes it so happens 




Diagram N? 17. 
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that they are not and one crossing has a bigger 
angle th:»ji*the other. In such cases the distances 
between the two crossings have to be separately 
worked out as shown in diagrams 17 and 18. The 
common practice of talcing the mean of the two 

angles is a fudge and never gives good results. 

• 

In diagram 17, the two crossings in the cross- 
over road are 1 in 12 and 1 in 8$. In this case the 
curve of the bigger crossing has to be continued 
until it meets the straight intermediate portion 
from the smaller crossing. In diagram 17, ABC 
is a right angled triangle of which BC is the base, AB 
the offset and AC the hypotenuse which is equal 
to 11, the radius of our crossing. The hypotenuse 
(1592) being known, we have to find out AB the 
offset which is equal to CL. 

To find out the offset when hypotenuse is 
known : — . 

‘Multiply hypotenuse with sine a hypotenuse’. 

CL = sine of hypotenuse of the smaller 
crossing 1 in 8£ x Hyp. 

^sine of 1 in 8$ crossing is 

CL = ~ X ~ =**186 *= AB the 
8'55 1 


ofiset. 
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Now that we have found out AB, the length 
up to which the curve of the bigger crossing con- 
tinues, find out its v&gine at this point. 

Versine 

C* 

therefore versine AE ■= ^ where C is 1&6 and 
Bis 1592. 


/. Versine AE = 


186 x 186 
2 X 1592 


= 10 '- 11 '. 


In triangle KFH, KF the offset is equal to 
D — AE + G‘ where D = 20, AE = lO'-ll" and 
G = 5'-6'. 


/. Offset KF = 20 - (10'-11" + 5'-6") = Z'-V. 

Now in triangle KFH with an angle of 1 in 
8$, offset KF is known, find out FH the base. 

FH = 8£ X 3'-7" = 30'-6". • 

Now the distance between the two crossings 
can easily be found out as follows : — 

S = 186 — 132 + 30'-6" = 84'-6", which consists of 
54 feet curved portion and 30'-6" straight. This is 
the distance between the two crossings 1 in 12 and 
1 in 8| (132 being the curve lead of the 1 in 12 
crossing.) If as*is commonly taken i. e., the mean . 
of the two crossings, we would have got 91 '-9* 
which is/mt by a long way. 




CL,> 164-0" 



CURVE BEING CONTINUOUS AND REVERSE. 
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21. (Jross-over roads with different 

ANGLE OF CROSSINGS THE CURVE BEING 
CONTINUOUS AND REVERSE. 


Diagram No. 18. 

1 diagram No. 18, crossing A is 1 in 10 and 
crossing B is 1 in 8 and their radii HI =■ 1108 and 
R2 = 712 feet and D = 20 feet or X + Y. 


To find Y. Y = 


R 2 X D 712 X 20 
111 "“1108 + 712 


= 7*8 feet. 


. X = D - Y =20 - 7*8 = 12*2 feet. 


12*2 or X is the versine of the curve of 1 in 10 
crossing and 7 ‘8 or Y is the versine of the curve 
of 1 in 8 crossing, at the reversing point. 

Now that we know the versines of the two 
curves, find out CL X and CL 2 by the formula 



(g) = Yersine = X = 12 *2 which is known. 

conversely 2R X Versine = C a 
C 2 =2 x 1108 X 12-2 
C = > /2x 1108 X*12*2 =* 164 
. * . 164 = CL 1 , bigger crossing^ 
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Similarly 


( 6 ) 


V 

2R 


= Versine = 


Y = 7'8 which is known. 


Conversely 2R X Versine = C a 
C 2 = 2 X 712 X 7*8 


C ==*72 X 712x7*8 =105 
. • . 105 = CL 2 , smaller crossing. 

S = ( 164 + 105 — 198 ) = 71 feet which is the 
distance between the two crossings 1 in 10 and 1 
in 8 ( 198 being the sum of the curve leads of the 
two crossings, 110+88=198). 


22. Ladder tracks. 

Diagram No. 19. 

A gathering line or ladder track as it is called 
is a straight track connecting up a series of parallel 
sidings in a station yard. The method of arranging 
shunting sidings and the distances of the parallel 
tracks centre to centre depend upon the ground 
available and the requirements of the Traffic. The 
sidings may be any required distance apart. Sharp 
curves and heavy gradients should be avoided 
as they are expensive, more power being required 
to move the vehicles. The point boxes should be 
arranged on the opposite side of the crossings as 
shown in 'the diagram. All crossings in a ladde’ 




Ladder track. 





Diagram N? 20. 




OSSINGS. 
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t^ck should be of the same angle, including the 
'crossing connecting with the main track. The 
distance between any two crossings leading from 
the ladder measured in the direction of the branches 
shooting from it, is equal to the distance between 
the centres of the parallel tracks multiplied by the 
crossing»number. / 

Example : — 

Let G be 5' -6" 

D be 12 feet 
N be 1 in 8. 

Then crossings 1 to 2, 2 to 3, etc., would be = 
12 x 8 = 96 feet measured in the direction of the 
ladder. 


23. Through cross-over road 
(diamond crossings.) 

Diagram Nos. 20 and 21. 

When two roads cross each other, we have a 
“ diamond crossing.” According to the instruc- 
tions laid down, no diamond crossing flatter than 
1 in 8^ is permissible nor should a diamond be laid 
in a curved track, if it can be avoided. If it is 
impossible to lay the diamond anywhere but in 
curved track, then the check rails must be leng- 
thened in the direction of apprdaching vehicles 
so that while one pair of wheels is passing across 
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the gaps, the next pair behind is covered by .a 
check rail. When a diamond crossing is laid in a 
curved track, the speed of trains should be reduced 
to about 10 miles an hour for safety. The Stand- 
ard Dimensions allow of an inclination of 1 in 10 
as the maximum, the extra length makes much 
better slip points. < 

Diagram 20 shows a 1 in 8J diamond crossing 
in position. The method of fixing the positions 
of the various crossings is explained below : — 

(a) In diagram 20, to find the distances between 
the crossings 1 to 6, we have simply to find out 
the spread of the crossing, which when multiplied 

by the crossing number — ~ will give us the 

required distances. 

In the diagram, , ^ 

AB = (D — 2G ) N — “ = ( 14' — 11 ') x 8i' — U' = 25'-l* 

AC = (D-G)N-^=(U'-5i)x8i- = 71'-10" 

AD sss (D) N — ~ = 14' X 8J'— |j' = 118'-7* 

OT) 

AE = (2D-2G)N - ^=(28' -11') x 8^'— Sg=143 # -8" 
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It will also be seen that : — 

AC— AB*(7r-10" - 25'-r) = BC = 46'-9" 
AD-AC (118'-?" - 71 '-10") = CD = 46'-9" 
AD-AB (118'-7" - 25'-l") -= BD = 93'-6* 
AE-AD (143'-8* - 118'-7") =DE = 25'-l* 

The*inclination number of the crossing being 
the same at the place where it has a 1 foot spread 
in 8J feet as also a 3 feet spread in 25J feet or a 14 
feet spread in 119 feet, it being a simple ratio. 

The gauge of track in the diamond crossings 
should be Jth inch tight. 

(6) In diagram 20, the position of crossing Ho. 
1 is to be fixed as required according to your plan. 
When this is done, we can easily find the positions 
of crossing Nos. 2 and 6 as in ordinary cross-over 
roads by the formula (D — 2 G) N — ^ . When you 
have found out the positions of crossing Nos. 2 
and 6, mark them on the rails and stretch a cord 
between these two marks. The point where the 
cord will cut or intersect the outer rail of the centre 
road, will be the position of diamond crossing No. 
4. Then put your gauge at this point square to 
the cross-over road and mark the inner rail. This 
will be the position of the other diamond crossing 
No. 3. The position of crossing Ng j 5, is then to 
be fixed at the same distance from the diamond 
crossings S L^dij ^ is crossing No. 2 from them. 
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It should be remembered that the diamond cross- 
ings are square i . e., at right angles to the cross- 
over and not to the main track. The gauge should 
therefore be held square to the cross-over road. 
If held square to the main track, it will cause a 
difference of a few inches. 

(c) Diagram No. 21. 

In diagram 21 is shown another method of 
fixing the distances of diamond crossings. The 
distance S from crossing A to B is equal to 6 X N = 
5|' X 8J' = 4 6 '-9". The distance from crossing A 
to D is equal to the curve lead of the crossing. The 
curve lead of a* 1 in crossing is : — 

+J( Dia. — V) X V = \ cord = Curve lead. 

= y / (1606 — 5J) X 5£ = 93-82 = 93'-10'. 

The distance from crossing A to D is therefore 
93'-10". It will now be seen that the distance from 
B to D is = 93'-10*-46 , -9"=47'-r as shown 
below : — 

AB = G X N a 5 X $Y = 46'-9' 

AD = Curve lead of the crossing = 93'- 10* 

AD - AB (93'-l(T - 46'-9') =BD = 47'-l'. 


24. Single or double slips in 1 in 8 J 

DIAMONDS. 

c Diagram No. 22. 

The distance ‘S’ from crossing 1 to 2 is equal 
to Gx t N =5£ X 8£ =46'-9* as 1" .^jsaond cross-^ 





Single sup points /, 
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jng£T Both the diamonds being of the same angle 
and o^osite each other, the centre of the diamonds 
will be exactly opposite the centre of the slip points. 

The distance T is a little longer than S. 
T^=Gx Hyp. of die crossing. 

Hypotenuse of a 1 in crossing is =\/Base a +Perp. a 
=V / 8 7 5 f +T 2 = \/ 8‘5 X 8*5+1 X 1 
= 8*558 = hypotenuse. 

.*. T =5*5 X 8*558 =47*069 = 47'-0f* 
or T = CL — S. 

CL or curve lead of a 1 in 8 J crossing is = QS'-IO". 
8 = G X N =5£ X 8} = 46'-9". 

T = 93'-10 ff — 46'-9" = 47'-l". 

This is the same as explained more clearly in 
diagram No. 21 under distances of diamond cross- 
ings. 

»SL = Switch lead = (Dia. — V) X V - | cord. 
V is the clearance at heel of switch and is equal 
to 4 1 inches and Radius is 803. 

-*¥) X 4£"=24'-6\ 

. ’ . 24'- 6" = SL or switch lead. 

C the distance from centre of elbow of diamond 
crossing to heel of slip points is equ^l to Nx2*64. 
C =8*5 X 2*64 =22*44 = 22'-5". 

The total distance between the heels of switch- 
es on of the diamonds is therefore 


5 
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22'-6" + 22'-5* = 44 '-10* ; and SL the switch leasts 
24'-6*. 

Y== 2eT ( a PP rox -) 

• ^7 r V X 47y- g 2216 j'.ai* 

' * 2 X803 “ 1606 ~ *» • 

The diagram shows single slip points. If the con- 
nection between the two lines were similarly made 
on the other side, it will make double slip points. 

25, Scissors cross-over. 

Diagram No. 23. 

A cross-over crossing another cross-over is 
called a Scissors cross-over. It consists of two 
cross-overs running in opposite directions and is 
very useful where much shunting has to be done 
in a limited space. In a Scissors cross-over, the 
spread of the crossings forming the diamond is 
half that of the main crossings. In diagram 23, 
you will see that crossings A and C are on one 
straight line exactly opposite each other ; similarly 
crossings B and D are on onestraight lineand opposite 
each other. Crossings G and H are exactly in the 
centre of crossings AB or CD. Crossings E and F 
lie on a str aight line which is exactly in the centre 
of the two tracks. Crossings A JJCD are 1 in 8J and 
EFGHare 1 in 4£ and the roads* aaxr’fS’^" centres. 




Diagram N? 23. 
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'As distances from heels of switches to theoretical 
nose^)f crossings ABCD measured from their res- 
peetive^ends are the same for all 4 crossings, since 
they are all of on£ angle. The toes of switches or 
heels of switches of the two points at either end are 
also qbl one straight line and exactly opposite each 
other. 

The position of crossings A and C is fixed 
according to your plan. The distances of the 
other crossings can then be found out as follows : — 

The distances between crossings A and D and 
C and B are found out by thb usual formula 

(D — 2 G) N — * gjpas in ordinary cross-over roads. 

Distances between crossings E and G and 6 and F 
are found out by the formula G X N used for 
diamond crossings. 

Solution:— , 

Where G is — 5'-6 ff 
D is = 15'-6' 

Crossings ABCD are 1 in 8J and 
crossings EFGH are 1 in 4J. 

Distances between crossings A and D and C 

• p 

and B are therefore = (D — 2G) N — ^ 

” X 6|) X SJ - . 
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= (15£-ll)x8i- »s 
= 4ix8j-?l 
= 38£-*J 

= 38'-3* — 0'-5" = 37'-10* 

Distances between crossings E and G and G and F 
are equal to G X N where N is 4J, 

= OJ X 4£ = 23'-4£'. 

Distance E to F is therefore twice 23'-4$* = 46'-9". 

If the crossings ABCD were 1 in 12, crossings 
EFGH would be 1 in 6 and their distances with 
the roads at 15'-6" centres would be : — 


Crossings A to D ) 

= 53'-8' 

and 

c 

to B » 

do. 

E 

to G 

= 3S'-0' 

do. 

G 

to F 

= 33'-0‘ 

do. 

E 

to F 

= 66'-0' 


When any diamond crossings or scissors 
cross-overs are to be laid in, it is advisable to lay 
the whole connection outside on a level piece of 
ground and then slew the whole thing into its 
proper place. If however, there is no room to lay 
the whole connection at Bite due to a bank or want 
of space, lay the connection on a platform or any 
other level pieu> of ground wherever available, 
mark with paint the crossings, closures, sleepers, 
etc. in such a way as will enabl* you to assemble 
it a ffyn av site without difficulty. 





Diagram N92.4. 
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26. Three-Throw Points. 

Diagram No. 24. 

AVifen a line divides into three, two sets of 
points are laid in, forming what are called “Three- 
throw Points.” Three-throw points are neither 
very^gafe nor economical and are fast becoming 
obsolete. If there is no room for two ordinary 
turn-outs, use two pairs of ordinary switches 
placing the stock rail of one a short distance behind 
the heel of the other. This will not save a cross- 
ing but it is more safer than the three-throws. The 
three-throws can be laid to gauge t by kinldng the 
stock rails on both sides opposite the nose of each 
switch rail. The curve lead, switch lead and the 
lead of crossing always remain the same whether 
the two lines diverge in opposite or in the same 
direction. The radii of the curves are fixed by the 
number of the main crossings when the lines diverge 
in opposite directions but when both lines diverge 
in the same direction, the radius of the flattest 
curve is fixed by the number of the main crossing 
and the radius of the inner or sharper curve is 
fixed by the number of the centre crossing. 

I. To find the number of the centre or sharpest 
crossing in a set of three-throws 
(a) ‘Multiply the number of the main 
crossing by O’ 7. The product will be 
number of the centre crpssing. 
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Example : — If the number of the maip 
crossing is I in 12, we have 12 X.0'7 
= 8 * 4 = 8| nearly. This is the r jmber 
of the centre crossing. 

(6) ‘Divide the radius of the siding curve 
by twice the gauge and extract its square 
root. The sq. root will be the number 
of the centre or sharpest crossing.* 

Example : — The radius of the siding curve 
is 803. We then have 

y/WTJG 

r^^/m + n 

= = 8£ number of centre crossing. 

II. To fix the position of the centre or the sharp- 
est crossing from springing of curve in a set 
of three -throws : — 

(a) ‘Multiply CL by 0*709* 

The product will be the distance from the 
springing of curve to the theoretical nose of the 
centre crossing. 

Example : — Let us assume that our main 
crossing is 1 in 12 and its curve lead is 132. We 
then have 

132 X 0*709 = 93J being the distance from spring- 
ing of curve to theoretical point of the centre cross- 
ing. 
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(6) The distance from springing of curve 
to theoretical point of the centre cross* 
ing can also be found by the following 
*N(Gx T417) 

where N is 1 in 12 and G is 5*5' 

= JL2(5*5 X T417) 

= *12 x 5*5 X 1*417 . 

= 93*5 feet being the distance from springing 
of curve to TNC of the centre crossing. 

(c) The CL of 1 in 8| crossing by the usual 
02 

formula ^ = versine can also bg found out. 

C 2 

2^ =ss Versine = 5*5 

conversely 2 R X Versine = C a 
C 2 =2 X 803 x 5*5 
C =y'2 X 803 X 5*5 = 93'9 
== 93'-10* Curve lead. 

SL, the switch lead of a 1 in 12 crossing is 33*6. 
Since the heels of switches of both the crossings 
1 in 12 and 1 in8i are at the same place, the distance 
from heel of switch to TNC of the 1 in 8J crossing 
is 93*5 — 33*6 =59*9 = say 60 feet. 

It will be seen that SL or switch lead of the 
1 in 8^ as also the l t in 12 crossing in this case has 
been skw^to be equal i.e. 33*6. The reason of 
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(she smaller crossing having this long switch lead, 
kt that the clearance at its heel of switch' in thi^c&se 
in doable the ordinary one i.e. 4$" + 11^ — 9*. 
We can now find oat how the SL comes to 33*6. 


C s 

Formula ^ 


Versine = 9' =0' 75 


Conversely 2 R x Versine = C 2 
therefore C s =2 X 803 x 0*75. 

C x 803 X 0’75 = 34 nearly. 

SL or switch lead of the 1 in 8J crossing in this case 
with the clearance at heel ot switch being 9", is 
34 feet nearly. , 

On the 5'-6* Gauge, we can lay the Three- 
throw* with the following crossings : — 

Stain crossings. Centre crossings. 

1 I in 12 lin8J 

ltall) 1 in 7 

lin 8| 1 in 6 

Crossings on corves are of two kinds. Fiist 
those formed by two curves running in opposite 
dmpdratyl Which are known as the curves of con- 
tra# 1 J?<?.'sslw,pnd secondly those formed by two 
cuiveseteang^ aimflgr direction which are known 
toeorVttliQf spdlax flexure. The lead of crossings is 
always thOfKBM? Whether tibia main track be straight 
or curved, WlMHMr tils diverging line branches in 
the same or a^fm\SlMAkai to that of tita main 





Diagra M!iN?2.5 
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track ; whatever the arrangement of the connection 
may^be, the *lead will always remain the same but 
this is not so with the curvature of the curve. 
When a crbssj^g is put on the inside of a curve, it 
gives a much smaller radius than when placed on a 
straight line, while the reverse is the case when it 
is place! on the outside of a curve. When the 
turn-out is from the inside of a curve, its degree of 
curvature will be the sum of the degrees of the 
turn-out curve and the main line curve but when 
it is from the outside of a curve, its degree of cur- 
vature will be the difference between the degrees 
of the two curves. When the radii of two curves 
of contrary flexure are equal, each is very nearly 
equal to twice the radius of the same crossing when 
used on a straight track. Thus if a 1 in 8 crossing 
is used on a straight track, its radius is 712 feet 
but if the lines are curved in opposite directions, 
the radius is doubled, i.e 1424 feet. 


27. Triangles. 

Diagram Nos. 25 and 26. 

At temporary termini, where Turn-tables will 
not ultimately be required, it is usual to put in 
triangles for reversing engines or vehicles. A 
triangle is a combination of three sets of pants 
and crossings laid in the form of a triangle. lane 
A is usually a siding and lines B and C drveijje from 


•a 
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it in such a manner that by running a vehicle over 
the triangle, it is reversed as completely as if # had 
been on a turn-table. 

In diagram 25, the distance J> between the 
TNC of the two crossings on the straight will be 
equal to 2E — G — 2CL. 

The distance E between the tangent points of 
curves No. 1 and 2 will be equal to 2R — G. 

The distance F from centre of line A to tangent 
point of curve No. 3 will be equal to R — *G. 

The distance H from centie of line A to TNC 
of crossing No. 3 will be equal to R — |G — CL. 
Example : — 

Let us assume that our crossings No. 1 and 2 
are 1 in 8 with a radius of 712 feet and CL 88 feet ; 
and crossing No. 3 is 1 in 5| with CL 60^ feet. 

To find I) the distance from TNC of crossing No. 1 
to TNC of crossing No. 2. 

D = 2R — G — 2CL. 

= 2 X 712 — 5J- — 2x88 
= 1424 -5|-176 
= 1242^ feet. 

To find E the distance from TP of curve No. 1 
to TP of curve No. 2. 

E =2R — G. 

= 2 x 712-5| 

= 1424 — 5J 
= 141&J feet. 
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To find F the distance from centre of line A 
to TF%of curVe No. 3. 

F==R-|G 
= m — i x 5 i 
— 712 — 2|. 

= 709-1 ^et. 

It will be seen that distance F is exactly half 
of distance E. 


To find H the distance from centre of line A 
to TNG of crossing No. 3. 

H .= R-_i-G-CL. 

= 712-1x51-60!. 

= 712 - 2f - 601. 

= G48f feet. 

In diagram No. 25, crossings No. 1 and 2 are 
1 in 8 and crossing No. 3 is 1 in 5^ but any com- 
bination of crossings may be used, the number of 
the centre crossing No. 3 being equal to the number 
of the main crossings No. 1 or 2 multiplied by 0*7. 
Thus if our main crossings on the straight are 1 in 8, 
1 in 8J, 1 in 10, or 1 in 12 respectively, crossing 
No. 3 in each case will be : — 

Main cross- Centre crossing, 

ings on straight. No. 3. 

lin 8 X 0*7 =5*6 = 1 in5£ 

1 in 81 X 0*7 =5*95 = lin6 

1 in 10 X 0*7 =7 = lin 7 

1 in Mi X 0*7 ==8*4 = lin 81 
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If the triangle is laid in as shown in the second 
figure (diagram No. 26) all the crossings will be of the 
same number and the radii of all the curves will 
be equal and there will be no straight 'crack. The 
arrangement is equi- angular, each crossing having 
the same angle. It should also be noted that as 
each curve leaves the outside of another curve, the 
radii of the crossings are doubled. In this case I) 
will be equal to R — (CL X 1 732). 

To find D the distance from TNC of any one 
crossing to the TNC of any other crossing in the 
triangle : — 

D=R-(CLx 1*732) 

= 1424 - (88 X 1*732) 

= 1424 - 152*416 
= 1271 *584 = 1271 J feet. 

Triangles can only be laid in where there is 
plenty of space available in the yard but where it is 
not, turn-tables are laid in which serve the same 
purpose. 


28. Diversions. 

Diagram No. 27. 

In cases of land slips, wash-aways, derailments 
or other obstructions on the ,hne or when portions 
of a bridge have to be re-built, the line is tempo- 




Diagram N°27. 
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rarily diverted a little distance away from its 
original* position so as to pass the trains around the 
place of obstruction. A diversion usually con- 
sists of two reverse curves, the radii of which 
should be uniform ahd should in no case be less 
than the radius given by a 1 in 10 crossing. A 
radius of 2,000 feet is recommended. First of all, 
it should be decided how far tlie diversion line is 
to be laid from the main line. This of course de- 
pends on the nature of obstruction on the main line 
or the amount of room the main line will require 
for repairs, but once it is fixed, it also fixes the 
length of the diversion. • 

In diagram 27, ACB is a portion of main line 
in which C is the place of obstruction. AFEGB 
is the diversion line. CE is the centre of the 
diversion and D is the distance between the main 
and diverted line, centre to centre. F and G are 
the reversing points of the two curves AF and EF 
and EG and BG. L is the length of each half of 
the diversion. V is the versine of the curves AF, 
EF, EG and BG and R is the radius of the diver- 
sion curves. 

Example : — 

Let us now assume that we have to divert our 
line to 14 feet centres© and the radius of our curve 
is 2000 feet. 
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(а) To find L the length of each half , of the 
diversion : — 

L = i/D (4R — D) ... 

= V 14 ( 4 x»-l4) 

= \/li ( 8000 -— Ti") 

= \/~14T 7986) 

= 17 

=■= 334 feet. -- 

(б) Another method to find L the length of 
each half of the diversion. 

l = v I kTiTF 7 ! dTx“2 

= -y/TxWOO (14 ) —"(14* ) X 2 
= 1/8000714 ) — ( 196 ) X 2 

=- yXoooXTi ) — ( 392 ) 

= 1/112000 — 392 

= l/ll 1608 

334 feet. ; "by* 0h ' 

To find the length of the cords AF, EF,EG 
and BG. 

Cords = 1/ I) il 

= V 14 X 2000 
= 1/28000 « 

= 167 feet. 
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To find Y the versine of the curves AF, EF, 
EG and BG. 

V ^ 

" 81 i 

_ 167x167 
8 X 2000 
27889 
“ 16000 
= If feet. 

FG = L 
FN or GN - |L 
EN or CN =--- |D 

Diagram 27 shows a diversion laid with two 
reverse curves but sometimes a short tangent is 
introduced between them, but trains run smoother 
over a diversion if there is no tangent or a straight 
portion between the reverse curves. 

Directions for laying out a diversion : — 

Drive a peg at 0 the place of obstruction. Run a 
tape from C to B equal to L and drive a peg at B. 
Similarly run the tape from C to A the other half 
of the diversion and drive a peg at A. From the 
point C at right angles to the line AB, lay off the 
offset CE equal to D and drive a peg at E. Run 
the tape from E to B and drive a peg at G the 
centre of the line EB? Similarly run the tape from 
E to A and drive a peg at F. Then find •out the 
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veTsines of the curves AF, EF, EG* and BO and 
drive pegs at H, I, J and K from the cords AF, 
EF, EG and BG. Then set out the diversion line 
AHFIEJGKB. 

29. Gantletted tracks (diversion). 

Diagram No. 28. 

A gantletted track is a sort of a temporary 
diversion on a double line of track without a pair 
of points so laid that one road is shifted from its 
original position and passes close by and through 
the other road with a crossing at either end but no 
sets of points. This arrangement is very economi- 
cal and is used on bridges where half the bridge, 
under one road requires opening out for grouting 
or other repairs. Two ordinary leads are put in 
and the straight portion in between the leads on 
the bridge is laid on with ordinary check chairs 
which take the two rails of the two roads separate- 
ly. No sets of points are required but the lines 
have to be protected and trains passed over the 
gantletted track under Single line Block Rules or 
by Pilot system. The straight track laid on check 
chairs between the two leads can be of any required 
length which may be determined by the length of 
the , bridge and any additional space required at 
either end of the bridge for purposes of stacking 
material or fixing any special plant for grouting* 




Diagram N? 26. 



Any crossings may be used if the roads are 
on straight but if they are on curve, flat crossings 
giving pretty long leads are recommended to 
1 avoid sharp Qwrves. 1 in 12 crossings may be 
used with advantage in all cases. It will be seen 
that there are no switches and that full curve lead 
is to be given to the crossing curves The gauge 
for the purposes of finding otit the CL or curve 
lead in this case becomes 5'-l§". i.e ., (5- '6*— 12*4 
2|"), If in. being the clearance between the two 
rails and 21 in. being the top width of one rail. 
If the roads are on curve, extra long check rails 
may be provided at the reversing point of the curve 
to guide the vehicles safely over the sharp portion 
and the crossings. 



CHAPTER IV. 

G. I. P. Railway Practice. 

30. Structural Dimensions and Theoretical 

CONSIDERATIONS OF PERMANENT WAY ON 

G, I. P. Railway. 

On the Great Indian Peninsula Railway, the 
following theoretical considerations and structural 
dimensions of Permanent Way are followed : — 

(1) The circular curve of a turn-out is to start 
at the heel of switch and is to be tangential 
to that rail. 

(2) There is to be short length of straight 
over the crossing. This is necessary as the 
crossing itself is too rigid to form part of 
the curve of turn-out. It is also desirable 
for easy running. 

(3) The circular curve of the turn-out is to end 
a little in front of the crossing and is to be 
tangential to the short length of straight 
over the crossing. 

The following table gives the structural 
dimensions of Permanent Way as observed on the 
G. I. P. Railway, 5'-6" Gauge. The Plate-layer 
should note that if the methods of calculations 
differ on other Railways, there may be a little 
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difference but* not a material one, in the results 
obtained. It would therefore be safe for him to 
follow the lcvto and radii as may have been laid 
down by his owi? railway. 

Table showing structural dimensions of Points 
and Crossings observed on the G. I. P. Railway. 


5 '-6" Gauge. 


Sec- 
tion of 
rail. 

lbs. 

Crossing 

numbor. 

1 in — 

Length 
of switch 
rail. 

feet. 

Clear- 
ance at 
heel of 
switch. 

inches. 

Distance from 
TNG to 
beginning of 
carve in front 
of crossing^ 

feet. 

Lead 

feet. 

Ra- 

dius 

feet. 

.. 100 

12 

18 


6f 

94-90 

1430 

>» 

8} 

18 


2 

72-57 

732 

*» 

H 

12 

H 

2 

67*61 

763 

90 

12 

18 

4£ 

34 

96-25 

1485 

tt 

9 

18 

44 

4 

7761 

769 

M 

8$ 

15 

44 

34 

69-50 

7131 

82 

12 

18 

44 

54 

97-19 

1431 


! io 

12 

! 44 

34 

79-75 

1134 

» 


18 

j 44 

2 

73-93 

733 

ft 

Si 

12 

44 

2 

69-21 

759 

99 

8 

12 

44 

2 

67-00 

705 

SO 

12 

15 

44 

64 

93-69 

1468 

ft 

BJ 

15 

44 

34 

7100 

720 

99 

H 

12 

44 

34 

68-32 

736 

69 

12 

18 

44 

64 

94-75 

1347 

tt 

10 

12 

44 

34 

79-75 

1134 

99 

8i 

12 

44 

2 

69-21 

759 

tt 

8 

12. 

•44 

2 

67-00 

705 
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There is still an amount of second class 69 lbs. 
material for turn-outs on hand, the crossings of 
which are 1 in 8, 8J, 10 and 12. JJS&3 material is 
to be used up in yards and for convenience of 
future substitution with 80 or 82 lbs. material, it 
is to be laid to the same leads as 80 and 82 lbs. 
respectively, the lead for 1 in 8 and 10 crossings is 
to be that for 1 in 8J. The radius of turn-out will 
be that necessary for the lead. 

1 in 12 and 1 in 8 \ are the Standard crossings 
on the O. I . P. Kailway. 



31. Length and details' of crossings in use on the 


69 




SI. Length and details of crossings in use on the 
G. I. P. Eailway.— amid . 
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32. Properties of rail sections in use 
* on the Q. I. P. By. 



6 


6*08 
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32. Properties op rail sections in use 
on the 6. I. P. Ry. — cotUd. 


m iZ w 

■*=* o pCJ w m 

pSi ^3 S 73 sh 23 
bD c{ u r O O y 


22 of 


E.LR.I «i I 2f 5} - 


. 5 45 

90 „ F.F. .. E.I.R. Sjj. 2—^ 6 

881 „ B.H, . . E.I.R. 5^ 2 i 


75 „ D.H. ..E.LR. 5^ 

74 „ F.F. .. E.I.R. 4} 
35 „ E.E. B.S. No. 35 3f 



2f 2J 


Seotion 

inches. 
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33. Permissible wear of rails on 
* G. 1. P . Railway. 

The hmit of wear on straight track under 
oidiiiary conditions is about 23 per cent, of the head 
or about 0*40 inch 'to 0*45 inch vertical wear. The 
permissible wear for the different section of rails 
in use on the G. I. P. Railway is tabulated below : — 


Weight of 
rail per yard 
lbs. 

Weight of 
head per yard 
lbs. 

Permissible 
wear in lbs. 
per yard. 

Representing 
Vertical wear of 
about inches. 

100 

50 

12-5 

. 0 45 

90 

37f 

9-4 

0*37 

85 

m 

95 

0-35 

82 

40 

10-0 

0*42 

80 

39 

9-75 

041 

75 

34 * 

96 

041 

69 

J 

26* 

60 

0-26 


In 69 lbs. rails the limit of vertical wear is 
about i inch representing about 5 lbs. When 
the wear exceeds this limit, worn flanges are liable 
to strike the fish-plates. This rule presumes that 
the loss of weight occurs in the head only and is 
due to wear. In certain conditions such as when 
cinder ballast is usad or in wet tunnels, serious 
corrosion may take place and rails may have to be 




removed long before serious wear of the head has 
taken place. Double headed rails m&y of course 
be worn on both heads being invertible. On sharp 
curves, serious side wear of the head occurs. 
When one side of the head is worn, the rail can 
be turned, end for end, so as to present a new face 
for wear. Generally the 100 lbs. rail will have to 
be renewed when the loss is about 15 lbs. per yard 
from side wear on the head and in rails of other 
sections after about 15 per cent, reduction in weight 
(15 per cent, of the total weight). 

Wear of rails is under observation and although 
no hard and fast rules are laid down, the above table 
based on the data so far available will serve as a guide. 

34. Junction fish-plates and 

PLANED RAILS ON G. I. P. RAILWAY. 

Amateur and inexperienced plate-layers have 
sometimes a great difficulty in distinguishing one 
junction fish-plate from another and have to 
experiment several fish-plates before they pick 
out the right one. Usually the junction fish- 
plates bear marks showing the inside or outside 
and right or left, also the section of the two rails 
to be joined but at times we get a shop-made supply 
when they do not bear such distinguishing marks. 
To pick out a correct plate isAhen a real difficulty 
unless one knows how to do so. I therefore 
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explain below bow this can be done : — 

2. As tbe height as also the thickness of web of 
the various rail sections in many cases differ, 
special fish-plates have to be made to join such 
rails. These are called junction fish-plates* 
Where both the height and thickness of web of the 
two rails to be joined differ, the junction fish- 
plates are so designed that when two such rails 
of varying height and thickness are fished, their 
tops and the inner or running edges come level and 
flush. The design of the junction fish-plate has 
therefore to allow for the differing heights and 
thickness of such rails. Since the inner or running 
edges of any two rails of varying thickness when 
fished must be flush, the inside plates must 
necessarily be flat and fit the webs of the two rails in 
one flat plane but this is not so on the outside, where 
the extra thickness of web of the heavier rail pro- 
jects beyond that of the lighter rail. It therefore 
follows that the outer fish-plate must be made to 
fit the projected thickness of the heavier rail and 
hence it cannot be flat like the inside plate but 
has a bulge in it. The easiest way to distinguish 
the inside fish-plates from the outside ones is, 
that all inside fish-plates have a flat plane inner 
surface while the outside ones have a bulge to suit 
the extra thickness of the heavier rail. We now 
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know that the fish-plate having a, plane inner 
surface is an inside fish-plate and the one with a 
bulge on its inner surface is an outside one. 

3. The design has also to sjirmount the diffi- 
culty of the varying heights so as to bring the tops 
of two rails of varying height to one level. This is 
secured by notching the top edges of the fish-plates 
suitably. It should be noted that the higher edge 
of the fish-plate will fit the lighter rail so as to lift 
it to the level of the heavier rail and that the lower 
or notched edge of the fish-plate will fit the heavier 
rail. The fish-plates are therefore properly notch- 
ed to suit the inside and outside as also the right 
and left hand rails and are described as below : — 

“Inside left and outside left.” 

“Inside right and outside right.” 

They must therefore be fitted in their proper 
places so as to get both the top of the rails and 
inner edges level and flush. If by mistake we 
fix a right hand pair in the place of a left hand one 
and vice versa , the top tables of the two rails will 
not come in one level but the bottom ones will, with 
the result that the extra height of the heavier rail 
over the lighter one will be clearly seen on the top 
surface and wheels will drop -over the joint with a 
thud. 
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4. Similarly if an inside plate is placed on the 
outside and vice versa , the same will be the result 
besides the running edges will not be in one plane. 
If again, the outside right plate is placed on the 
inside left and vice versa , it will fit in, the top 
tables will also be level but not the running flanges 
which will cause the extra thickness of the heavier 
rail to project over the lighter one on the inner or 
running side causing a kink and the wheel flanges 
will kick against it until it is either thoroughly 
worn out or chipped off by the wheel flanges. It 
is needless to say that this is dangerous to Traffic 
as it might cause a flange to mount it and cause a 
derailment. It is therefore absolutely necessary 
to fix these plates in the places for which they are 
designed and no alteration can be made. 

5. We have now to learn how to distinguish 
the right hand plates from the left hand ones. 
Unfortunately no hard and fast rule can be laid 
down in this case but generally viewing a joint from 
the heavier rail to the lighter one, we have a right- 
hand plate on the right and a left-hand one on 
the left but this jjpes not apply in all cases nor 
does it apply to junction fish-plates of rails having 
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equal thickness of web. To avoid misunderstand- • 
ing, the following sketch is given showing the 
direction of the view and the right and left-hand 
sides. 

1 100 lbs. 0 L 82 lbs. 

_ - — 

>Direction of view. 

I R 

100 lbs. OR 82 lbs. 

2 90 lbs.- 0 L 82 lbs. 

_ _ _ 

- ^ Direction of view. 

I R 

90 lbs. OR 82 lbs. 

3 90 lbs. O L 100 lbs. 

I L 

Direction of view. 

I R 

90 lbs. O R 100 lbs. 

6. In the above paragraphs, I have dwelt at 
length on the junction fish-plates of rails having 
different heights and thickness but in cases where 
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the thickness* of web of both the rails is the same 
and only the height differs, the matter is simpli- 
fied, both the inner and outer plates have a flat 
plane surface and there are no right or left-hand 
plates. The same pair can be fixed to either hand 
rail by simply changing the plates suitably, i.e., 
if the pair of fish-plates fixed pn the inner rail has 
to be fixed on the outer one, it could be done by 
using the outside plate on the inside and the inside 
plate on the outside. V and X type fish-plates 
for joining the 82 lbs. rails to 69 lbs. rails are of 
this type and can be used on either the inner or 
outer rail by simply changing their position as 
described. 

• 7. Where junction fish-plates are not used, 
planed rails are used which serve the same purpose. 
These are 15 or 18 feet in length, one end is of its 
original section and the other planed off to the 
height and thickness of the lighter rail section to 
which it is to be joined. For instance we have to 
join a 100 lbs. section rail to a 82 lbs. section rail. 
A piece of 100 lbs. section rail 18 feet in length is 
then planed off with one end left as it originally 
was and the other end reduced to the height and 
thickness of the 82 lbs. rail, the original end taking 
100 lbs. fish-plates and the reduced end taking 82 
lbs. fish-plates. Unless the planing is carefully 
done, the planed rails make unsatisfactory joints. 











35. (6) Weights of P. W. & Fencing matebial m use on 
G. I. P. Ry. 


82 






(with 30 ft. rails) 82 lbs. j 

Fish plates, steel, 6-holed, ‘ W * type 22* 94‘ 7 704 j „ 23*65 

long (with 30 ft . rails) 82 lbs. I 
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85. (6) Weights op P. W. & Fencing material in use on 
6. 1 . P. By. — contd. 


84 
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Description. I I Weight of each. 
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r ire, galvanized iron, 
(1 bundle) 
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36. SjTPER-ELEVATION AND GAUGE ON 

Curves on G. I. P. Railway. 

Super-elevation or cant as it *is commonly 
called means tli£ height of the outer rail above the 
level of the inner* one on any curve. The formula 
for finding out super-elevation for curves as given 
velocity 2 

by Molesworth is Wx i ~ 25R w ^ erG W is the 

width of gauge. The result will give the cant or 
elevation in inches. As a great elevation of the 
outer rail over the inner one is liable to displace 
the load of trucks besides being disagreeable to 
passengers, a limit of approximately one-tenth of 
the gauge is the maximum elevation ever allowed. 
If the curves are very sharp necessitating more 
elevation than the one-tenth limit, it is essential 
to reduce the speed of trains for safety. On the 
next page is a table of super-elevation used on the 
G. I. P. Railway System. It is based on 45 miles 
velocity and 5'-6" Gauge. It will be seen from 
the table that for all curves of 1700 feet and less 
radii, the cant is shown as 5" which is the maximum 
permitted on the G. I. P. Railway. Most Railways 
have their own tables of cant or super-elevation 
based on conditions and circumstances prevailing 
thereon and the Plate-layer should therefore follow 
the table in force on his Railway. The formula 
will however give hiaa an idea of how the cant or 
super-elevation is arrived at. 
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Example: — 

W X = Cant in inches. 

1*25 K 

Where W is 5J feet, ^ # 

Velocity is 45 miles pel hour, 
R is 1980 feet. 

_ , 45X4 5 

5$ X j. 25x1980 
11 2025 

~ 2 X 2475 

= 41 inches cant. 
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. Table of c*nt or super-elevation used on curves 
on main line and gliats on the G. I. P. Ry. 


> 


1 


Main line. 

Ghat. 


Radius of 
curve in. 




Degree 

Cant 

Maximum 


of 

curve. 


1 

in , 
inohos. 

permissible 
sjKjed m 

Cant 

in 




Feet. 

Chains. 


miles per 
hour. 

inches. 

0° - 30' 

11459 


t 

unrestricted 

5 

ITT 

1 


10500 

160 

i 

>■ •* 


7920 

120 

iff 


h 


OliOO 

100 

12 

f* 

I 

1-00 

5730 

•• 

H 


1 1 

TO 

1 

5280 

80 

n 

>» 

i 


4020 

70 

u 

! J 

S 


3900 

GO 

21 


l 

1-30 

3820 

. . 

2ff 

9t 

n 


3300 

50 

2ff 

»» 

n 

2-00 

2805 

, , 

31 

*» 

u 


2640 

40 

31 

64 

n 

2-30 

2292 

, , 

3* 

59 

n 


1980 

30 

41 

55 

*3 

© 

© 

CO 

1910 

• » 

4$ 

54 

2| 


1650 

25 

5 

51 

2ff 

3-30 

1637 


5 

50 

2ff 

4-00 

1433 

. . 

5 

47 

2ff 


1320 

20 

6 

45 

3 

4-30 

1273 

# , 

5 

44 

3i 


990 

ir 

5 

39 

4 
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Note to the table of cant or super-elevation : — , 

(a) Safe ma xim um Bpeed in miles per hour 
— 1 '25 x \/K in feet. 

(b) Maximum speed allowed ®n Ghats is 25 
miles per hour, the cant rs calculated for a 
speed of 30 miles per hour in order to reduce 
the risk of runaway vehicles overturning. 
Super-elevaiion of outer Rail on Curve. 

(1) The inner rail of the curve represents rail 
level and adjustments for super-elevation 
in accordance with the table should be 

made in the outer rail. 

• 

(2) The full super-elevation should be given 
from end to end of circular curves and where 
transition curves are not used, should be 
run out on the straight at the rate of \ inch 
in 30 feet. Where transition curves are 
used, super-elevation should decrease uni- 
formly along the transition curve. 

(3) Cant stones should be placed at tangent 
points and in long curves, intermediate 
stones 200 yards apart should be added. 
Square stones should be placed at the end of 
the run out. On transition curves, a 
Bmaller cant stone should be placed op- 
posite the middle of the transition curve 
indicating half the «aper-elevation of the 
circular curve. 
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(4) The “maximum permissible cant is 5 inches. 

(5) In sidings, triangles etc., where the speed 
of trains is slow, the maximum permissible 
cant is 1 inch. 

(6) Standard gauge should be used on curves 
of greater radius than 1,700 feet. On curves 
of 1,700 ieet radius and less, gauge is to be 
i s (l th inch or gth inch slack, (j^th inch for 
82 and 100 lbs. track and {Jth inch for 90 lbs. 
track.) 

(7) No super-elevation or cant is to be given on 
Points and Crosdngs. Otf straight road, 
both the main track and the turn-out will 
be on level. If the main track is on curve, 
it will have its own super-elevation according 
to its radius and tho turn-out will be laid 
on the same sleepers with whatever cant it 
may get according to the main track. Since 
no cant is to be given to turn-outs, no notch- 
ing of sleepers is allowed. 



CHAPTER V. 

Curves. 

37 . Cut bails on curves. 

(a) As the length of the outer rail of a curve is 
greater than that of the inner one, the rails used 
on the inside of a Curve should necessarily be 
shorter than the outside in order to keep the joints 
square. If short rails are not used on the inside 
of a curve, the inner rail joints will get ahead of 
the outer joints. When this lead is as much as 
2£ inches, a rail cut 41 / shorter should be put in 
on the ihner side. This will throw the inner 
joint 2J inches behind the outer and twice the 
former length will have to be covered before the 
lead of the inner joint is again as much as 2J 
inches ahead over the outer joint when another 
cut or short rail will be required. 

The formula for calculating the number of 
cut rails (a cut rail being 4 } inches less than the 
ordinary rail) is : — 

N = — ^ k = Number of cut rails required. 

Where N = Number of cut rails required. 

L = Length of curve yj feet. 

R = Radius of curve in feet. 
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Example:— 

Radius of curve is 7920 feet 
Length of curve is 3696 feet 
therefore 

N = = 7 cut re T uire< * for tllis 


curve. 

(6) The number of cut rails required for a 


curve can also be found by the formula 


G + W 
R 


XL 


Where G — Gauge. 

W = Width of top of rail. 

R = Radius of curve in feet. 

L — Length of curve in feet. 

Let us assume that : — 

G= 5*5 feet. 

W = 2£ inches =-=0*2083 feet. 

R = 7920 feet. 

L = 3696 feet. 

The inner rail of the curve should therefore be 


shorter than the outer rail to the extent of 


G+W 

R 


XL 


5*5 + 0-2083 v 
7920 > 

62083 3696 

7920 X 1 


3696 

1 

= 2*6638 feet. 


= 2'-7" = 31 Inches. 



94 


As each cat rail is 4| inches short, the number 
of cut rails required is ■= 31 4 $ = 7. This is 

the number of cut rails required for this curve. 


38. To SET OUT A CURVE BY OFFSETS 
FROM THE TANGENT OR SPRINGING OF CURVE. 

Diagram No. 29. 

In diagram 29, produce the tangent line by 
placing poles or pegs 100 feet apart as shown in the 
diagram. The offsets can then be found out as 
follows : — 

“Square the distance set off on the tangent 
line and divide the product by twice the radius of 
the curve. The result will be the required offset. ” 

Example:— 

Let us assume that our distance or cord at 
which the offset is required is 100 feet and the 
radius of the curve is 5000 feet. 

The offsets at each of the 100 feet marks as 
shown on the diagram will thereiore be= 

Cord* 100* 10000 offset 

~2R “ 2 X 5000 “ 10000 ” 1 foot. 

Cord* 200* 40000 _ , , . 

~2R ” 2 X 5000 “ 10000 “ 



Tangent 







D I AGRAM N?30. 


05 


Cord* 

300* 

90000 

2R 

*2 X 6000 

10000 

Cord* 

400* 

160000 

2R‘ 

2 '' 5000 

10000 


9 feet. 

i 

16 feet. 


The poles or pegs may be placed at any re- 
quired distance taking care that they are in a 
straight line. 


39. Realigning Curves. 

Diagram No. 30. 

Due to oscillation of trains while passing 
round curves, where the road is nflt sufficiently 
ballasted and boxed and also due to constant 
packing and slewing, the curves originally laid to 
a certain radius often get out of alignment, the 
curvature varies and kinks are formed in the road 
which causes bad running round curves. The 
train sways from side to bide and unpleasant run- 
ning is the result. The only remedy is to re-align 
the curve from beginning to end giving an uniform 
curvature. This is done by a simple practical 
method explained below : — 

Three Tee squares are used for the purpose of 
correctly re-aligning any curve. Two of these 
Tee squares are painted black and the third paint- 
ed red. The two black ones are so notched that 
when the squares are fitted to the rail, the notch 
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packing and ballasting. If a train h&s to be passed 
during th$ progress of the work, it should be 
brought to a standstill short of the work and then 
allowed to pass dead-slow, afte* roughly tapering 
and packing the road. At times a train puts the 
curve back to its old alignment if the road is not 
well packed and ballasted. 

Usually two turns of slewing will bring most 
curves into proper alignment but if the curve is 
very badly out, the slewing will have to be 
repeated 3 or 4 times before the proper curvature 
is attained." When the curve is so slewed and 
correct * curvature is found right throughout its 
length, rail pegs about 3 or 4 feet in length, should 
be put in, in the centre of the track at each Tan- 
gent point and at every 100 feet of the length of 
the curve. The rail pegs should have a chisel-cut 
on the top at exact centre, which should corre- 
spond to the centre of the track. The gang 
Muccadum should then be instructed to check 
these centre pegs once a month and see if they are 
exactly in the centre of the road. If not, he should 
slew the curve to suit. 

This is a very simple method of realigning any 
curve which looks or runs bad and the Plate-layer 
can do it himself without fear of getting wrong. 
At times the curve needs slewing to the right and 
at th^ very next point, to the left but this is due to 
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the distorted ‘condition of the curve and if the 
process is carefully followed, a beautiful and uni- 
formly realigned curve is the result. There are 
other methods, ‘perhaps better than the one 
explained above, but they need the plotting of 
curves and evolving a new curve out of the old 
one but as the Plate-laver or thaP. W. I. is mostlv 

* ft 

a practical man, he need not worry himself about 
these other methods unless they are worked out 
by the Engineer and correct measurements or 
pegs are given to him. It is therefore safe for 
him to rely on himself and follow this practical 
method which requires no calculations except for 
finding out the correct versine for that particular 
curve, which is easily done as explained. 



CHAPTER VI. 

Miscellaneous. 

40. Definitions of Elementary Geometry* 

Geometry, in the express sense of the word, 
means the art of measuring the Earth. 

Trigonometry is that branch of mathematical 
science which is employed in calculating the sides 
and angles of a triangle and its doctrines are 
founded on the mutual proportions which subsist 
between its sides and angles. 

Angle (from the word angulus a comer) is the 
inclination of two straight lines to each other, 
which meet together but are not in the same 
straight line. In other words, an angle is the amount 
of opening between two straight lines which meet 
in a point and is expressed as a quantity by 
stating how many parts of a right angle it contains, 
those parts being the degree, the minute and the 
second. 

The circumference of every geometrical circle 
is supposed to be divided into 360 degrees, each 
degree into 60 minutes and each minute into 60 
seconds. Each circle contains 4 right angles and 
each right angle therefore contains 90 degrees. 

A Plate-layer often' comes across many geo- 
metrical terms. To enable him to understand their 
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meaning, a few geometrical definitions are given 
below : — 

(1) A point has position but is said to have no 
magnitude, no length or breadth. 

(2) A line has length but is said to have no 
breadth. 

(o) A surface has length and breadth but no 
thickness. 

(4) A solid has length, breadth and thickness. 

(5) Angle : — When two straight lines meet at 
a point, they are said to form an angle. 
The straight lines are called the arms of the 
angle and the point at which they meet, is 
its vertex. 

(0) Right-angle : — 

(a) When one straight line stands on 
another so as to make the adjacent 
angles equal to one another, each of the 
angles is called a right angle. 

{ b ) All right angles are equal. A right 
angle is divided into 90 equal parts 
called degrees, each degree is divided 
into 60 equal parts called minutes, 
each minute fe divided into 60 equal 
parts called seconds. 
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(7) Acute-angle : — 

An angle which is less than one right 
angle, is said to bo acute, i.e., an acute angle 
is less than 90 degrees. 

(8) Obtuse angle : — 

An angle which is greater than one right 
angle but less than two right angles, is said 
to be obtuse, i.e., an obtuse angle lies be- 
tween 90 and 180 degrees. 

(9) Straight angle : — 

A straight angle is equal to two right 
angles-or 180 degrees. 

(10) $cflex angle : — 

An angle which is greater than two right 
angles but less than four right angles, is 
said to be reflex, i.e., a reilex angle lies 
between 180 and 360 degrees. 

(11) Circle: — 

A circle is a plane figure contained by a 
line traced out by a point which moves so 
that its distance from a certain fixed point, 
is always the same. The fixed point is. 
called the centre and the bounding line is 
called the circumference. 

(12) Radius : — 

A radius of a ‘circle is a straight line 
drawn from the centre to the circumference. 



103 


It therefore follows that all radii of a circle 
are equal. 

(13) Diameter : — 

A chamber of a circle is a straight line 
drawn through the centre and terminated 
both ways by the circumference. 

(14) Arc of a circle : — 

An arc of a circle is any part of the cir- 
cumference. 

(15) Semi-circle : — 

A semi-circle is the figure bounded by a 
diameter of a circle and the* part of the 
circumference cut off by the diameter. 

(16) Chord : — 

A chord of a circle is a straight line joining 
any two points on the circumference. 

(17) Triangle : — 

A triangle is a plane figure bounded by 
three straight lines. 

A triangle is said to be : — 

(а) right-angled when one of its angles is a 
' right angle. 

(б) obtuse-angled when one of its angles is 
obtuse. 

(c) acute-angled ayhen all three of its angles 
are acute. 
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(18) Quadrilateral : — 

A quadrilateral is a plane figure bounded 
by fdur straight lines. 

(19) Parallelogram : — # « 

A parallelogram is a quadrilateral whose 
opposite sides are parallel. 

(20) Rectangle : — 

A rectangle is a parallelogram having all 
the angles right angles. 

(21) Square : — 

A square is a rectangle having all equal 
sides and all its angles right angles. 

(22) Rhombus : — 

A rhombus is a quadrilateral which has 
all its sides equal, but its angles are not 
right angles. 

(23) Trapezium : — 

A trapezium is a quadrilateral which has 
one pair of parallel sides. 

(24) Parallel straight lines : — 

Parallel straight lines are such as being 
in the same plane do not meet however far 
they are produced beyond both ends. 

(25) Area:— 

The area of a figure is the quantity or 
amount of surface contained within its 
bounding lines. 



105 


41. JJseful Rules on Mensuration. 

(1) Versine, cord and radius of curve : — 

To find the versine, half cord or coid and 
the radios of a curve when any two of the 
three are mown : — 

Let us assume that our 
V or versine = 5£ feet. 

C or cord = 176 feet. 

R or radius = 704 feet. 


(a) Formula No. 1 : — 

conversely y/ 2 R X V J cord =y/ 2 x 704 X BJ 
cord 88 feet. 

again (l^l=2R + 2 = R = 88x88^ 2 = 

R 704 feet. 

(&) Formula No. 2 : — 

GteE© = Vin inches - HX »6X , 1T6 


R 


704 


= V 66 inches. 


conversely R X V = cord = \/ 704 x 66 = 
li 1* 

cord 176 feet. 

aff ain ** (° orA3 ) _ n - H X 176 X 176 _ 
again y — tt — ^ — 

R 704 feet. 
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(c) Formula No. 3:— 

3 C a TT . . v 3X 176X 176 
2 R - V m mc ^ es = ■ 2 x"704 " = V 66 
inches. 

conversely \/ 2 II X V = cord = \/ 2 x 704 x 66 
3 ~ 3' . “ 

= cord 176 feet. 


. 3 C s 

again -y- 


=2Er2=B= 


3 X 176 X 176 


— 2 = R 704 feet. 

(d) Formula No. 4: — 

C 2 r * 17 6 X 176 

gR — V — 0 x 704 — v 5 I f eet. 

conversely \/8 R X V = cord = y/ 8 X 704 X 6 J 
= cord 176 feet. 

. C 2 0 „ _ „ 176 X 176 _ 

again -y = 8 R -r- 8 = R = gj — 8 

= R 704 feet. 


In the four cases explained above, the versine, 
cord and radius are found out from each formula 
using it conversely. 

(e) To find versine. 

Divide 396 by radius in chains (of 66 feet). 
The quotient will be versine in inches. 
Example : — R =22 chains. 

. \ 396 -T- 22 =18 inches versine. 
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(/) To fimd Radius. 

Divide 396 by versine in inches. The 
quotient will be radius in chains of 66 feet. 

. ' . 396-5-18 = 22 chains radius. 

(2) Degree of curve : — 

(a) The curvature of a curve is described 
by stating the number of degrees in 
the angle subtended at the centre by 
an arc of 100 feet in length, which 
angle is called the “angle of deflection.” 
Its value is : — 

• 5730 

Angle of deflection in degrees = Ra ^ ttgin l ^ t j 

A curve is called a “one degree curve,” a 
“two degree curve” and so on according to its 
angle of deflection. Hence : — 

A “one degree curve” means a curve of 5730 
feet radius. 

A “two degree curve” means a curve of 2865 feet 
radius. 

A “three degree curve” means a curve of 4 1910 
feet radius and so on. 

(6) To find the radius of any curve when the 
degree is known : — 

Divide 57*3 *100 by the degree. The 
quotient will be equal to the radius in feet. 
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If the degree of curve is 2, we have. 
5MX100 _ wm itdias 
2 

(o) To find the degree of curvature of any curve 
by measurement : — 

Stretch a cord 214 feet in length on the 
inside of a curve and measure the versine 
at the centre’, i.e., at 107 feet. Each foot 
of the versine is equal to a degree and each 
inch of it is equal to 5 minutes of curvature. 
The degree of curvature of any curve is 

therefore equal to where the cord is 

214 feet in length. 

Example: — The radii of curves are 5730, 3820 
and 2865 feet respectively. Find out the 
degrees of curve in all three cases, 
l C a 

Formula = degree. 


a) 


We therefore have : — 
107 X 107 11449 

2 X 5730 ~ 11460 


= 1 degree curve. 


107 X 107 11449 

2 X 3820 - 7640 
107 X 107 11449 

2 X 2865 “ 5730 


— l°-30' — 1J° curve. 


*£= 2 degree curve. 


( 2 ) 

( 3 ) 
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We can* now find out the degree of curvature 
of any curve by the above formula. In the follow- 
ing table, the degrees of curvature* worked out 
from their radii in feet according to the above 
formula are shown. 

1 @2 

Table of degrees. Formula = degrees where 
C is = 214 feet. 







Angle of 

Radius 

in 

VS = Deg- 


deflection in 
Degrees. 

feet. 

a 



* 

Degrees. 

Mts. 





0 

o 

/ 

11459 

107 X 

107 


i 

I 

30 

2 X 

11459 



5730 

107 X 



1 

1 

00 

2 X 





3820 



__ 

1 

14 

1 

30 

! 2 X 

3820 




2865 



, 

2 

2 

00 

I 2 X 

2865 



2292 



__ 

2i 

2 

30 

1 2 X 

2292 


1910 





3 

3 

00 

2 X 

1910 




1637 

107 X 

107 

__ 

3* 

3 

30 

2 X 

1637 


1433 

107 X 

107„ 


4 

4 

00 

' 2 X 

1433 
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1 (v2 f- 

Table of degrees. Formula = degrees where 
C is = 214 feet. — (Contd.) 


Radius 

in 

feet. 

= Degrees. 

* 

Angle of 
defloction in 
Degrees. 


• 



Degrees. 

Mts. 





o 

i 

o 

» 

1273 




44 

4 

30 

« X 

1273 



iue 




5 

K 

00 

2 X 

1146 




955 




6 

6 

00 

2 X 

955 


819 




7 

7 

00 

2 X 

819 


1 

i 

717 




8 

8 

00 

2 X 

717 


837 




9 

9 

00 

2 X 

637 

4 

573 

and so on. 

107 X 



10 

10 

00 

2 X 

573 

- 
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. (d) To find the degree of a curve : — 

Measure the versine of any curve with a 
cord 61'-9|" long. As many inches is the 
versine, sv.many are the degrees of the cur- 
vature of the curve since each inch of the 
versine represents 1 degree of the curve. 

(e) To find the degree of a curve : — 

The versine in inches of a 


20 

feet cord 

-^o-io 

30 

33 

-f- 0-23 

40 

»> 

-r 0-41 

44 

33 

-rK)’50 

50 

J) 

0*65 

60 

33 

-T- 0*94 

80 

33 

-f- 1*67 

100 

33 

2*61 


will give the number of degrees of the curve. 

(3) To find the angle of a crossing when the lead 
or number is known : — 

57*3 

-jj— = A ngle. Divide 57 3 by the number of 

the crossing. The quotient will be the angle 
in degrees and decimals of a degree. To 
bring decimals of a degree to minutes, 
multiply by 60 and divide by 100. 

Example:— 

The numbers of our crossings are 1 in 8, 
10 and 12. Find out their angles. 
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57*3 -*■ 8 = 7*1625° angle of 1 in 8 crossing.- 
57 "3 7 - 10 = 5*73° angle of 1 in 10 crossing. 
87*3-4- 12 =4*775° angle of 1 in 12 crossing. 

(4) To find the number of a crossing when the 
angle is known : — 

57*3 V V t 

j-- = Number of crossing. 

Divide 57 '3 by the angle of crossing. 
The quotient will be the number or lead of 
the crossing. 

ExampL: — 

The angles of our crossings are 
7*1625°, 5*73° and 4 '775°. Find out their 
numbers. 

57*3 7*1625° = 8 =1 in 8 crossing. 
57*3 5*73° = 10 = 1 in 10 crossing. 
57*3-4-4*775° = 12 = 1 in 12 crossing. 

( 5 ) Properties of the Circle : — 

Diameter x 3*14159 = Circumference. 

Diameter 2 X 0*7854 = Area of circle. 

Radius X 6*28318 = Circumference. 

Circumference x 0 *31831 = Diameter. 

3*5449 X \/area of circle = Circumference. 
1*1283 X \/area of circle = Diameter. 
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.(«) 


To findthe area of a circle or well : — 


[a) V s 


Diameter 1 


(6) Multiply the square of the radius 
(which means P^meter ^ ^ **. The 


product will be the area of the circle. 

(7) To find the circumference of a circle, the 
diameter being given : — 

Multiply the diameter by The product 
will be the circumference. 

(8) To find the diameter of a circle, the cir- 
cumference being given : — 

Divide the circumference by The 

quotient will be the diameter. 

(9) To find the diameter of a circle, the area 
being given : — 

Divide the area by — and extract the square 
root of the quotient. The root will be the 
radius of the circle and therefore twice the 
root Will be the diameter. 


( 10 ) 


Properties of a right-angled triangle : — 


(1) Sine 


Perpendicular , 
Hypotenuse ' 


(2) Co-sine 


Hypotenuse 
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(3) Secant 

(4) Co-secant 

(5) Tangent 


Hypotenuse , 
Base 9 
Hypotenuse # 
Perpendicular * 


Perpendicular # 
Base * 


(6) Co-tangent 

(7) Versed sine 


Ba se b 

Perpendicular * 
Hypotenuse — Base a 
Hypotenuse 9 


,( 8 ) 


1 Co- versed sine = 


Hypotenuse — Perpendicula r^ 
Hypotenuse ** 


(9) Hypotenuse == 

\/Base 2 + Perpendicular 2 

(10) Base = *■ i 

^/Hypotenuse 2 — Perpendicular 8 ; 

(11) Perpendicular = 

^Hypotenuse 2 — Base 2 . 

(11) A right angle can be easily laid on the 
ground by the use of the following table 
which gives the base, perpendicular and the 
hypotenuse* The base must coincide with 
the given line. 
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Base. 

• 

Perpendicular. 

1 

Hypotenuse. 

4 

l 

3 

5 

.12 

5 

13 

24 

7 

25 

40 

9 

41 

60 

11 

61 

84 

13 

85 

96 

28 

- . 

100 


(12) The two sides of a right-angle* triangle 
being given, to find the hypotenuse. 

‘Add the squares of the two sides and 
extract the square root of the sum; the 
^ square root will be the hypotenuse.’ 

(13) The hypotenuse and one side of a right- 
angled triangle being given, to find the 
other side. 

‘From the square of the hypotenuse, sub- 
tract the square of the given side and extract 
the square root of the remainder, this 
square root will be the required side,’ 

(14) To find the area of a triangle : — 

(o) Multiply the Imse of the triangle by its 
altitude and divide the product by 2. 







The quotient will be the area of the 
triangle. 

(6) If the three sides of the triangle are 
given, its area can hft found by using 
the following formula : — 

\/S (S — A) (S — B) (S — C) = Area of triangle 
where A, B, C are the three sides of the 
triangle and S is half their sum. 

(15) To find the area of a rectangle : — 

‘Multiply any two adjacent sides of a rectangle. 
The producfc^will be the required area.* 

(16) To finxl the volume of a cylinder : — 
‘Multiply the area of the base by the height. 
The product will be the required volume/. 

(17) To find the contents of a barrel : — 

(if the diameter of the barrel is equal for the 
whole length) 

‘Multiply the square of the diameter in 
inches by the depth in inches and divide 
the product by 359. The result will be 
the contents of the barrel in cubic feet/ 

(18) To find the contents of a barrel : — 

(if the diameter at the centre is larger than 
at the ends) ^ 

‘Square the diameter of the centre in inches 
and multiply it ^y 2. Add to this the 
square of the end diameter. Then multiply 
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the preduct by the length of the barrel and 
divide by 1077.' 

a 

(19) To find the cubical contents of a round 
timber log \ — 

‘i Girth squared X length = Cubic feet.’ 

If the log is irregular or tapers much, 
take the girth at both ends and the centre 
and divide it by 3, t.e., take the mean girth. 
The girth is to be taken exclusive of the 
bark of the tree but if the bark is on, a 
deduction of O'l of the girth for thick 
barked trees and of 0'08 for* thin barked 
trees should be made when measuring the 
girth. This is an approximate rule. A 
better way is to multiply the square of 0*2 
of the girth by double the length and the 
product will be the cubical contents. 

(20) To find the quantity of earth excavated 
from wells in eft. 

(o) Square the diameter and multiply the 
result by O' 7854 and by the depth in 
feet; the result will be the quantify 
excavated in cubic feet. 

{o) j X j X Depth =Cubic con- 

tents. 
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(21) Water : — f 

224 gallons = 36 '84 eft. = 2240 lbs. =1 ton. 
11*2 * do. = 1 ‘8 eft. 112 lbs. =1 cwt. 
6* 26 do. =1 eft. = 62| lbs. 

1 do. =0-16 eft. =10 lbs. 

Cubic feet X 35 - 84 = Tons. 

Cubic feet X 1 * 8 Cwt. 

Cubic feet X 6 ’25 = Gallons. 

(22) Rainfall : — 

Inches of rainfall X 2323200 = Cft. per 

square mile. 

Inches of rainfall X 14| = Millions of 

gallons per 
square mile. - 

(23) To find approximate quantity of water in 
wells : — 

Square the diameter in inches and cut off 
the right hand figure as a decimal ; the result 
will be gallons in each 3 feet of depth, of the 
well. 

(24) To find the contents of a round tank in 
gallons : — 

Square the diameter in inches and multiply 
by the depth in inches and divide the result 
by 353. The quotient will be equal to the 
number of gallons. 
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"(25) To fijjd the contents of a square tank in 
gallons : — 

Multiply the length, breadth and depth 
together in feet and the result by 6*25. 
The product will be the number of gallons. 

_ (26) To find the weight of rails in tons per mile 
of single track : — 

(а) Multiply the weight of rail per yard 
by 1 ‘571 . The product will be the weight 
of rails required for one mile of single 
track. 

(б) Multiply the weight per* yard by 11 
and divide the result by 7. The quo- 
tient will be the quantity of rails in 
tons approximately. 

(27) To find the sectional area of rails in 
inches : — 

Divide the weight of rail in lbs. per yard by 
10 ’08. The quotient will be the sectional 
area in inches. 

(28) To find the weight of rails in lbs. per 
yard : — 

Multiply the sectional area of rail in inches 
by 10*08. The product will be the weight 
of rail in lbs. per yard. 
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(29) To find the radius of an arc^rise and span 
being given 

Square half the cord and to this add the 
square of the rise and divide the product 
by twice the rise. The*' quotient will be 
the required radius. 

(30) Quantity of ballast required for one mile 
of track : — . 



Width of 

Ballast 

Ballast 

Line. 

ballast at top 

per Lineal foot. 

per mile 


in feet. 

oft. 

eft. 

Single . f 

w? ; 

li 

19-274 

101766 

Double * . . 

25 

39-813 

210212 



Equivalents of a Foot* : 


121 
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9896 0-9948 
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•( 32 ) Square ss Cubes, Square Roots, abb Cube 

ROOTS. 





j 


No. 

Square. 

Cube. 

Square 

Root. 

Cube 

Root. 

1 

1 

1 

1-0 

1*0 

2 

4 

8 

1-41421 

1-2599 

3 

9 

27 

1-73205 

1-4422 

4 

16 

64 

2-0 

1-5874 

5 

25 

125 

2-23607 

1-7100 

■a 

36 

216 

fi- 44949 

1*8171 

7 

49 

343 

2-64575 

• 1-9129 

8 

64 

512 

2-82843 

20 

9 

81 

729 

30 

2 0801 

• 10 

100 

1000 

3*16228 

2 1644 

11 

121 

j 1331 

3*31662 

2-2240 

12 

144 

1728 

3-46410 

2-2894 

13 


2197 

3-60555 

2-3513 

14 

196 

2744 

3-74166 

2-4101 

15 

225 

3375 

3-87298 

2-4662 

16 

256 

4096 

4-0 

2-5198 

17 

289 

4913 

4-12311 

2-5713 

18 

324 

~ 5832 

4-24264 

2*6207 

19 

361 

6859 

4-35890 

2*6684 

ivl'l 

400 

8000 

4-47214 

2*7144 

21 

441 

9261 

4-58258 

2*75^9 

22 

484 

10648, 

4-69042 

2*8020 
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Squares, Cubes, Square Boots, jOnv Cube 
roots — contd. 


No. 

Square. 

Cube. 

Square 

Root. 

Cube 

Root. 

. 

23 

529 

* 12167 

4-79583 

2-8439 

24 

676 

13824 

4-89898 

2-8845 

25 

625 

15625 

5-0 

2*9240 

26 

676 


5-09902 

2*9620 

27 

729 

19683 

5- 19015 

30 

28 

784 

<c 

‘21952 

5-29150 

3 0366 

29 

841 

24389 

5-38516 

3-0723 

30 


27000 

5-47723 

3*1072 

31 

961 

29791 

5-66776 

3-1414 

32 


32768 

5-65685 

3-1748 

33 


35937 

5-74456 

3-2075 

84 

1156 

39304 

5-83095 

3-2396 

30 

1225 

42875 

5-91608 

3*2711 

36 

1296 

46656 

6-0 ! 

3-3019 

37 

1369 

50653 

6-0S276 

3*3322 

88 

1444 

54872 

6-16441 

3*3620 

39 

1521 

59319 

6-245 

3-3912 

40 

1600 

64000 

6-32456 

3*4200 

41 

1681 

68921 

6-40812 

3*4482 

42 

1764 

74088 

6-48074 

3-4760 

43 

1849 

79507 

6-55744 

3*5034 

44 

1936 

85184 

6-63325 

3-5303 
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Squares, «Cubes, Square Roots, and Cube 
roots — contd. 


No. 

Square. 

m 

Cube. 

i 

Square 

Root. 

! 

Cube 

Root. 

45 

2025 

91125 

6*70820 

3*5569 

46 

2116 

97336 

6*78233 

3*5830 

47 

2209 

103823 

6 •86565 

3*6088 

48 

2304 

110592 

0*92820 

3*6342 

49 

2401 

117649 

7*0 

3-6693 

50 

2500 

125000 

7-QU07 

3*6840 

51 

2601 

132651 

7*14143 

.3*7084 

52 

2704 

140608 j 

7-21110 

3*7325 

53 

2809 

148877 1 

7*28011 

3*7563 

• 54 

2916 

157464 

7*34847 

3*7798 

55 

3025 

166375 

7*4162 

3*8030 

56 

3130 

175616 

7*48331 

3*8259 

57 

3249 

185193 

7*54983 

3*8485 

58 

3364 

195312 

7*61577 

3*8709 

59 

3481 

205379 

7*68115 

3*8930 

60 

8600 

216000 

7*74597 

3*9149 

61 

3721 

226981 

7*81025 

3*9365 

62 

3844 

238328 

7*87401 

• 3*9579 

63 

3969 

250047 

7*93725 

3*9791 

64 

4096 

262144 

8*0 

4*0 

65 

4225 

274625 

8*06226 

4*0207 

66 

4366 

287496 

8*12404 

4*0412 
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Squares, Cubes, Square Boots, £ and Cube 
boots — eontd. 


No. 

Square. 

Cube. 

r 

Square 

Hoot. 

Cube 

Boot. 

67 

4489 

. 300763 

8- 18535 

4*0616 

68 

4624 

314432 

8*24621 

* 4*0817 

69 

4761 

328509 

8-30662 

4*1016 

70 

4900 

343000 

8-36660 

41213 

71 

6041 

357911 

8-42615 

4-1408 

72 

6184 

< 973248 

8-48528 

4-1602 

73 

, 5329 

389017 

8-54400 

4*1793 

74 

6470 

403224 

8-60233 

4*1983 

76 

6625 

421875 

8- 66025 

4*2172 

76 

5776 

438976 

8-71780 

4*2358 : 

77 

5929 

456533 

8-77496 

4*2543 

78 

6084 

474552 

8-83176 

4*2727 

79 

6241 

493039 

8-88819 

4*2908 

80 

6400 

512000 

8-94427 

4*3089 

81 

6561 

531441 

9-0 

4*3267 

82 

6724 

551368 

9*05539 

4*3445 

83 

6889 

571787 

9-11043 

4*3621 

84 

7056 

592704 

9*16515 

4-3705 

86 

7225 

614125 

9-21954 

4*3968 

86 

7396 

636056 

9-27362 

4*4140 

87 

7669 

658503 

9*32738 

4*4310 

88 

7744 

681472 

9*38083 

4*4480 
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Squares? Cubes, Square Boots, and Cube 
boots — contd. 




Square. 


Square 

Root. 

Cube 

Root. 

7921 

704969 

0*43398 

4*4647 

8100 

729000 

9*48683 

4*4814 

8281 

753571 

9*53939 

4*4979 

8464 

778688 

9*59166 

4*5144 

8649 

804357 

9*64365 

4*6307 

8836 

830584 

» SfeS9636 

4*5468 

9025 

857375 

9*74679 

• 4*5629 

9216 

884736 

»• 79796 

4*5789 

9409 

912673 

9*84886 

4 ; 5947 

9604 

941192 

9*89949 

4*6104 

9801 

970299 

9*94987 ! 

4*6261 

10000 

1000000 

10- 0 ! 

4*6416 

10201 

1030301 

10*04988 

4-6570 

10404 

1061208 

10*09950 

4*6723 

10609 

1092727 

10*14889 

4*6875 

10830 

1124864 

10*19804 

4*7027 

11025 

1157625 

10*24695 

4*7177 

31236 

1191Q16 

10*29563* 

4*7326 

11449 

1225043 

10*34408 

4*7475 

11664 

1259712 

10*39230 

4*7622 

11881 

1295029 

10*44031 

4*7769 

12100 

' 

13310<$ 

10*48809 

4*7914 
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Squares, Cubes, Square Boots, lm> Cube 
Boots — contd . 


No. 

Square. 

Cube. 

* 

Squaie 

lloot. 

Cube 

Hoot. 

m 


1367631 

1 ) 0-53505 

4-8059 



1404928 

i 10-58301 

4-8203 


12769 

1442897 

1 10-03015 

4-8346 

114 

12996 

1481514 i 

1 10-07708 

4-8488 

115 

13225 

1620870 

10 72381 

4-8029 

116 

13456 

16CJ S96 

10-77033 

4-877 

117 


1001613 

10-81605 

4-8910 

118 


1043032 

10-86278 

4*9049 

119 

14161 

1085159 ! 

10-90871 

4-9187 


14400 

1728000 

10-95445 

4*9324 

Bttl 

14641 

1771501 

110 

4-9461 

jl 

14884 

1815848 

11-04536 

4-9597 


15129 

1860867 

11-09054 

4-9732 


16376 

1900624 

1113553 

4*9866 

mMk 

15625 

1953125 

11-18034 

60 

120 

15876 

2000370 

11-22497 

50138 

127 

16129 

2048383 ! 

11-26943 

5-0265 

128 

16384 

2097152 

11-31371 

5*0307 

129 

16641 

2140CS9 

11-35782 

5*0528 

130 

16900 

2197000 

11-40188 

5-0652 

131 

17161 

2248091 

11-44552 

5*0788 

132 

17124 

2299908 

11-48913 

5*0916 
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~£quabes, Cubes, Square Boots, and Cube 
Boots — contd . 


No. 

| Square. 

*(5ube. 

Square 

Root. 

Cube 

Root. 

133 

17689 

2352637 

1 1 * 53256 

5*1045 

134 

17966 

2406104 

11-57584 

6-1172 

135 

18225 

2460375 

11*61895 

5-1299 

136 

18496 

2515456 

11*6619 

5*1426 

137 

13769 

2571353 

11*70470 

5*1551 

138 

19044 

2628072 


5*1676 

139 

19321 

2685619 

11*79983 

5 1801 

140 

19600 

2744000 

11*8322 

5*- 1925 

141 

19881 

2S03221 

11*87434 

6*2048 

142 

20164 

2863288 

11*9164 

5*2171 

143 

20449 

2f'24207 

11*9583 

6*2293 

144 

20736 

2985984 

12*0 

5*2415 

145 

21025 

3048625 

12*0416 

5*2536 

146 

21316 

3112136 

12*08305 

5*2656 

147 

21609 

3176523 

12*12436 

5*2776 

143 

21904 

3241792 

12*16553 

5*2896 

149 

22201 

3307919 

12*20656 

5*3015 

150 

22500 

3375000 

12*24745 

. 5*3133 

151 

22S01 

3142951 

12*28821 

6*3251 

152 

23104 

3511808 

12*32883 

5*3368 

153 

23409 

3581577 

12*36932 

5*3485 

154 

23716 

3652264 

12*40967 

m 

5*3601 


10 
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Squares, Cures, Square Roots, (.and Cube. 
Roots — conid. 


No. Square. Cube. 


165 24025 3723875 

156 24336 ‘ 37%416 

157 24619 33G9S93 

158 £49l4 3944312 

259 25281 4019679 

160 23600 4096000 

«•* 

161 25921 4173281 

302 ° 26244 4251528 

163 26569 4330747 

164 26890 4410944 

>5 27225 4492125 

166 27536 4574296 

167 27889 4657463 

168 28224 4741032 

1G9 28561 4826809 

170 28900 4913000 

171 29241 6000211 

29584 508 8448 

29929 5177717 

30276 5208024 

30025 5359375 

30976 5451776 


SQuare 

Root. 


12-44990 

12-49000 

12-52996 

12-50981 

12-60952 

12-61911 

12-68858 

32-72792 

12-76715 

12-80625 

12-84523 

12-88410 

12-92285 

12- 96148 

13- 00000 

13-03840 

13*07670 

13-11438 

13-15295 

1319091 

13-22876 

13*26650 


Cube 

Root. 


5 - 3717 

6 - 3332 
5*3947 

5-4061 

5-4175 

5-4288 

5*4401 

5-4514 

5-4626 

5*4737 

5*4848 

5-4950 

5-5069 

5-5178 

5*5288 

5*6397 

5*5505 

5*5613 

5*6721 

5*5828 

5*5934 

5*6041 
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-JSquabes, Cubes, Square Boots, and Cube 
Roots — contd . 


No. 

Square. 

.. Cube - 

Square 

Root. 

t 

Cube 

Root. 

177 

31329 

5545233 

13- 30413 

5*6147 

178* 

31684 

5039752 

13-34166 

5*6252 

179 


5735339 

1337909 

5-6357 

180 


5S32000 

13-41641 

5*6462 

181 

32761 

5929741 

13-45362 

6-6567 

182 

33134 

6028568 

13-49074 

5-6671 

183 

33489 

6128487 

1&- 5*7-15 

5-6774 

184 


6229504 

13s>6466^ 

f ~ 5-6877 

185 

34225 

6331625 

13-60144 

5-6980 

180 


6434856 

13-63818 

6-7083 

’ 187 

34969 

6539203 

13-67479 

5-7185 

. 188 

35344 

6644672 

13-71131 | 

5-7287 

189 

35721 

6751269 

13*74773 

5-7388 

190 


6859000 

1^78405 

5-7489 

191 

36481 

6967871 

13-82028 

5-7590 

192 

3G864 

7077S88 

13-85641 

5-7689 

193 

37249 

7189057 

13-89244 

5-7790 

194 


7301384 

13-92839 

5-7890 

195 

38025 

7414875 

13-90424 

• 5.7988 

196 

38416 

7529530 

14-000 

5-8088 

197 

38809 

7645373 

14-03567 

5*8186 

198 

39204 

7762392 

14-07125 

5*8285 

199 

39601 

7880599 

14-10674 

5- 8383 


40000 

8000000 

(• 14-14214 

5-8480 
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42. Miscellaneous Weights 
(1) Sundry measures. 

16 Oirnces = 

14 Pounds = 

2 Stones or 28 Pounds =-■= 

4 Quarters = 

20 Hundred-weights = 

1 Dozen = 

1 Score * = 

1 Gross = 

24 Sheets = 

20 Quires — 


& Measures. 

1 Pound. 

1 Stone. 

Quarter. 

1 Hundred-Weight. 
1 Ton. 

12 

20 

12 Dozen or 144. 

1 Quire. 

1 Ream. 


(2) Weight of metals and alloys. 


«* 

"Description. 

Weight of 1 Cft. 
in pounds. 

Aluminium 

166*6 

Copper sheet . . 

549*0 

Copper wire 

055*0 

Gold 


Silver 

653*8 

Cast iron ! 

■ 

Wrought iron 

■ 

Steel 

■ 

Zinc cast ' 

428*0 

Tin cast 

455*0 

Lead sheet 


Brass sheet . . 


White metal . . . 

456*32 


(3) Weight oe miSceIlaneous substances. 
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(4) Weight op miscellaneous materials. 
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| <3 " 

S ^ « 


I ;8 


.a a 

M £ 
o 23 ^ 

|1<8 
* £ 


|| . 

1 1 5 § o 

OQ 6 CQ < <S 




(5) Weigh*, of roofs :• 


135 


*& 

I- 


O 

■+5 

•a 


l 

CO 

£ 


cS 

V 1 

* a 


% 


s * *8 2 " 

i— i 
(4 

s « S & 8 , 


i 


*«■* <N »—< 


ssn 

IQ H N 


s 

1 


p ’ p 

o o 
w> . bD 

: I 

1 

•3 

: .a 

d 

: * 

oa 

. § 

• bD 

.a 


i 

p 

o 

.a 

d 

£ 

«5 

00 


8 . s . s 

•^8 # «»4 , *rH 


. I 

op bo 


it ft i 

© o © 



Do. do. do. I* thick 
Teak ceiling do. J* thick 




(6) Roof tiles : 
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d 

© odd 

3 a 

P C o ii 

JgJ ft ft ft o 


6 6 6 I^TS s 

t: ^ c= o o 


■g-eis-g 
5 g g^S 


6 6 6 2 
ftftfi- 


SS8 88S8853 8< 

r-» 50 eo ©* fH © c* .-i ©< 


«cg 

2 3 

-I d£? 

n 


•a-a-s.* ..s' • -p 

ggS^-o? 4«3 

isSSl 

ttStw as 
Jill 


In carrying tiles by rail , the breakage in transit is less if the wagon is folly loaded. 
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.(?) Bricks' and brick work : — 

Bricks 9" X 4J" X in size. 

1410 required for 100 eft. plain brickwork. 

• % 

650 do. do. 100 aft. brick on edge. 

375 do. do. 100 sft. brick laid flat. 

These figures allow 5% for wastage. 
(8) Weight or liquids : — 


Description. 

Weight of 
^ 1 oft. in 
pounds.* 

Weight of 
1 gallon 
in pounds. 

Water 

. 62-50 

10 0 

Coal tar 

63-45 

10 2 

Pitch 

70-00 

10-9 

Petroleum crude . . 

65-25 

8-8 

Petroleum refined . . 

60-50 

9-68 

Turpentine 

53-00 

8-7 

Oil castor 

57-50 

9*25 

„ linseed boiled . . 

58-60 

9-4 

„ cylinder mineral 

59-25 

9-5 

„ Kerosine 125° . . 

60-00 ’ 

8*12 


1 Case kerosine oil = 65 lbs. = 8 gallons. 

1 Tin do. do. = 32£ lbs. = 4 gallons. 
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(9) Weight of angle iron : — 


Size in inches. 


Weight per lineal 
. foot in pounds. 


H 

X 

11 

X 

1 

2*25 

if 

X 

If 

X 

TS 

3-26 

2 

X 

2 

X 

1 

3-13 

2 

X 

2 

X 

f 

4-50 

21 

X 

21 

X 

1 

354 

21 

X 

21- 

X 

rs- 

4*36 

21 

X 

21 

X 

i- 

516 

21 

X 

21 

X 

tV 

5-75 

21 

X 

21 

X 

1 

3-96 

21 

X 

21 

X 

fV 

4-88 

21 

X 

21 

X 

f 

5-78 

21 

X 

21 

X 

1 

7-50 

3 

X 

3 

X 

1 

4-79 

3 

X 

3 

X 

s 

7-03 

3 

X 

3 

X 

tV 

811 

3 

X 

3 

X 

1 

9-17 

3 

X 

•3 

X 


1019 

3 

X 

3 

X 


11-20 

31 

X 

31 

X 

TH 

6-45 

31 

X 

31 

X 

f 

7-66 

31 

X 

31 

X 

7»- 

TH 

8-84 
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Weight of angle iron canid. 


Size in inches. 

Weigtft per lineal 
foot in pounds. 

31 

X 

31 

X 

1 

10-00 

31 

X 

31 

X 

1 

1224 

31 

X 

31 

X 

1 

8-28 

31 

X 

31 

X 

T6 

9-57 

31 

X 

31 

X 

1 

10-83 

31 

X 

31 

X 


1207 

31 

X 


X 

1 

JL3-28 

31 

X 

31 

X 

1 

15-50 

31 

X 

31 

X 

I 

891 

31 

X 

31 

X 

T<T 

10-30 

31 

X 

31 

X 

i 

11-G7 

4 

X 

4 

X 

i 

9-53 

4 

X 

4 

X 

TC> 

11-03 - 

4 

X 

4 

X 

1 

12-5 

4 

X 

4 

X 


1394 

4 

X 

4 

X 

1 

15-36 

4 

X 

4 

X 

1 

1812 

4 

X 

4 

X 

i 

25 00 

41 

X 

41 

X 

1 

10*78 

41 

X 

41 

X 

1 

14-17 

41 

X 

41 

X 

1 

17-45 

41 

X 

41 

X 

1 

20'62 
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(10) Weight of T iron : — 


Width and*thiokness in Weight per lineal foot 

inohes. in pounds* 


11 x i. 

1 

*1 X 

11 

U X , 1 

2 

11 'X 

2 

11 X 1 

21 

2 X ^ 

21 

2X1 

31 

21 X 1 

4 

3 X- | 

7 

K 
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{U.J WEldfer OF WROUGHT IRON FLAT BARS:— 
Weight per lineal foot of Flat Bar Iron in lbs. 

Breadth. 
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m 


(12) Weight of round iron 

Diameter j Weight per 
in *: foot in 

inches lbs. 


0*167 
0*376 
0*668 
1- 04 

1- 50 
2* 04 

2- 67 
4* 17 

* 6 < 01 
8- 18 

Diameter of round iron in inches 2 X 2*64: 

= weight in pounds per foot run. 

(13) Weight of rolled beams : — 

WoighTin Weight in 

Size in inches. lbs. per Size in inches. lbs. per 
foot. foot. 


4 

X 

2 

6 

10 

X 

6 

38 

5| 

X 

21 

8 

12 

X 

5 

33 

5 

X 

3 

10 

12 

X 

6 

42 

6 

X 

'3 

12 

14 

X 

6 

46 

7 

X 

3J 

15 

15 

X 

5 

52 

7 

X 

4 

17 

15 

X 

61 

53 

8 

X 

4 

19 

15 

V 
» N 

5f 

58 

9 

X 

4 

22 

18 

V 

7 

75 

10 

X 

5 

29 

20 

X 

n 

90 



Diameter 

in 

inch^3.. 

Weight per 
foot in 
lbs. 

2 

10*68 

21 

13.52 

21 

16*96 

2| 

20*19 

3 

24*00 

31 

28* 2 

31 

32* 7 

31 

37* 6 

4 

42* 8 
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§P 


% 


& 


8 


8 

Ph 


3? 


"3 

rQ 

o 

,4 


rivets 2J lbs. 
washers l| lbs. 
screws 1$" 2£ lbs. 
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(15) Weight of nails iron rose Headed : — 


Length of ntfils in 
inohes. 

Number of nails in 
ono pound. />i 

1 

Weight of 1000 
, nails in pounds. 

i 

500 

2 

u 

250 

4 

13 

143 

7 

2 

100 

10 


62 

16 

n 

50 

20 

31 

36 

28 

3| 

28 

3G 

4 

* '20 

50 

41 

15 

70 


(16) Weight of nails iron wise French 

FLAT HEADED FINE : — 


Length of nails in 
inches. 

Number of nails in 
one pound. 

Weight of 1000 
nails in pounds. 

1 

800 

ii 

u • 

508 

2 

ii 

300 

34 

2 

156 

64 

21 

78 

12J 

3 

56 

18 

4 

.»45 

224 
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.( 17 ) Weight of wire 100 lineal feet. 


B. W. 
feuge. 

Iron. 

* 'ft 

| Steel. 

Brass. 

Copper. 

0 

30-58 

| 30-02 

| 33*43 

j 35-17 

1 

25-75 

1 26*04 ; 

! 28-15 

29*62 

2 

21-34 

1 21-57 

' 23*32 1 

24*54 

3 

1802 

18*22 

19-70 

20-72 

4 

1511 

i 15-28 

16*52 

17*38 

5 

12-46 

12*50 

! 

13-62 

1 • * 

1433 

6 

11*45 

ii-57 : 

12-51 • 

13*16 

7 

9-25 

; 9-35 

10*11 

10*64 

8 

7*29 

! 7-37 

7-97 

8*38 

9 

6-60 

6-68 

7-22 

7*59 

10 

4*96 1 

I 502 

5 43 

5*71 

11 

4*13 

4*18 

4-52 

4*75 

12 

3*14 

3*18 

3*43 

3*61 

13 

2*34 

i 

1 2-36 

1 

2-55 

2*69 

14 

1*69 ! 

| 1-7! 

1-85 

1*95 

15 

1*37 

1*39 

1-50 

1-58 

16 

1*05 

1*00 

1*15 

1*21 

17 

*80 

*81 

*87 

*92 

18 

*61 

*62 

•67 

*70 

19 

*47 

*47 

*51 

*54 

20 

*32 

•33* 

■34 

•37 


11 
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(18) Painting Memoranda 

(а) One gallon linseed boiled oil weighs 
9 lbs. and covers 900 sft. of area on 
iron. 

(б) One gallon of linseed boiled oil mixed ' 
with 28 lbs. of dry red lead makes 1 J 
gallon of paint which covers 900 sft. of 
area bn iron. 

(c) One gallon of linseed boiled oil mixed 
with 7 lbs. of copper red paint makes 
1*28 gallons of paint which covers 1,368 
, Sft. t>f area on iron. 

* (d) One gallon of paint covers approxi- 
mately : — 

225 to 270 sft. of area on stone ; 

450 to 630 sft. of area on wood ; 

720 to 800 sft. of area on iron. 

(e) One gallon of tar weighs 10*2 lbs. and 
covers 108 sft. for the first coat and 
144 eft. for the second coat. 

(/) One barrel of tar holds 25 gallons. 



CHAPTER VII. 

Standard Dimensions. 

43. Standard 'Dimensions in force 1922. 

5 FT. 6 IN. GAUGE. 

The “Maximum” and “Minimum” dimensions 
give”— in* this Schedule are to be observed on all 
5 it. 6 in. gauge railways in India. If, for any 
reason, it is proposed to execute any work or to 
procure Bridge Girders, Statiqp Machinery, Roll- 
ing Stock or other railway material’ wjGiioh will in- 
fringe the dimensions or loads given or which will 
interfere with the elimination ol infringements 
already in existence, the sanction of the Railway 
Board must be obtained through the Government 
Inspector of the Radway concerned before such 
work is commenced or order issued. 

Dimensions recommended by the Railway 
Board are scheduled separately at the end. 

I. M.-GENERAL. 

Formation, Single Line — 

(1) Minimum width in embank- 

ment 16 ft. 6 in. 

( 2 ) Minimum width in cutting (ex- 
cluding side drains) .. .. 16 ft._6 in. 
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Formation, Double Line — 

(3) Minim um width in embank- 
ment 

(4) Minimum width in cutting (ex- 
cluding side drains) 

Note. —(a) On a curve the width 
of formation for Double Line must 
be increased by the amount shown 
in column 9 of the Appendix. 

(1 b ) Dimensions (1), (2), (3) and 
(4) will geneially be found too small 
for railways which are ballasted. 

Spacing of Tracks — 

(5) Minimum distance centre to 

centre of tracks (outside station 
limits) 

Note. — ( a) The expression 

“station limits” means the portion 
of a railway which is under the con- 
trol of a Station Master and is situat- 
ed between the outermost signals of 
the Station, vide Rule I (31) Chapter 
I, Part I, of the General Rules for 
Open Lines (1906). 

(6) On a curve the distance bet- 
ween tracks must bo increased by 
the amount shoSvn in column 9 of 
the Apx>endix. 


30 ft. 6 iru 
30 ft. 6 in. 


14 ft. O'in. 



149 


Curves— 

Maximum degree of curvature on 
r main line — % 

(6) Forunrestricfce<| speed 2° O' (radius —2,865 It.) 

{ 7 ) In any circumstances 10° O' (radius = 573 ft.) 
(a) Except between points and 
crossings the ends of a curve are 
i n pr actice made easier than- the 
middle ; when the ends are pro- 
perly eased by transition approaches, 
the radii prescribed in items (6) and 
(7) may be reduced by the amount of 
the “shift” which will ordinarily be 
2 ft. 8 in. 

Gradients in Stations — 

' (8) Maximum gradient in station 

yards 1 in 400 

Note. — (a) For the purpose of 
the above rule a station yard may 
be taken to extend — 

(r) on single line, to a distance 
of 150 ft. beyond outermost points 
at either end of the Station. 

ii) on double line, from home 

signal to last stop signal of each line. 

{6) There must be no change in 
gradient within 100 ft. of any points 
or crossings. 

(c) Hump or gravity yarfls are ex- 
empted from this rule. 
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Sleepers— 

For timber cross sleeper?— 

(9) (Minimum length . . . . 9 ft. 0 in. 

(19) Minimum breadth # . ? . . 10 in* 

(11) Minimum depth . . . . 6 in. 

(12) Minimum number of cross 

sleepers per mile . . . . 1906. 

Note. — (a) On bridges where the 
cross sleepers rest directly on longi- 
tudinal girders, the sleepers are to 
be spaced not more than 2 ft. 6 in. 
centre to centre, and are to be not 
less than 6 in. deep exclusive of any 
notching which may be required to 
allow for cover plates, camber, etc. 

(b) The length of cross sleepers laid 
on longitudinal girders may be re- 
duced to not less than one foot 
greater than the distance outside to 
outside of the girder flanges subject 
to a minimum of 8 ft. 

(c) When the flooring of a bridge 
would not give continuous and sub- 
stantial support throughout the 
bridge to the wheel of a derailed 
vehicle up to a distance of 4 ft. from 
the centre line, substantial transverse 
timbers, not more than % ft. 6 
in. apart from r centre to centre, 
should be provided. 
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Rails — 

(13a) Minimum clearance of check 

rail for a curve I If in* 

Note. — T his ^clc^rance must be in- 
creased by half the amount of any 

* difference between 5 ft. 6 in. and the 

* gauge to which the curve is actually 
laid. 

(13b) Minimum clearance of check 


rails at a level crossing 

2 in. 

(13c) Maximum clearance of check 

rails at a level crossing • 

2J in. 

(14) Minimum depth of space 

for , 

wheel flange from rail level 

. . lo in. 

(15) Minimum weight of rail 

per 

yard : — 

. . 

Axle load, i.e., weight on a 

Minimum 

pair of wheels including 

weight of 

weight of wheels and axles. 

rail per yard. 

12 tons 0 cwt. 

60 lbs. 

13 „ 10 „ 

.. 65 „ 

15 „ 2 „ 

• • 70 „ 

17 >. 0 „ 

... 75 „ 

18 „ 12 „ 

.. 80 * 

20 „ 8 „ < • 

• • 85 „ 

22 „ 12 fi 

• • 80 „ 

24 „ 14 „ 

. . 95 „ 

26 „ 18 ,, 

. - 100 
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Note. — W ith close spacing of sleep- 
ers a less weight per yard is 
permissible. 

(i) 3n respect of wagon axle loads 
on * branch and feeder lines; & less 
weight per yard may be permitted 
subject to a suitable speed restric- 
tion. 

Buildings and Structures — 

(16) Minimum horizontal distance, 

from centre of track to any 
structure, from tail level to 1 foot 
above rail level 

Note. — Interlocking gear may 
project 2\ in. above rail level, see 
item (20). 

(17) Minimum horizontal distance, 
from centre of track to any 
structure, except a platform, 
from 1 foot above rail level to 
14 ft. 6 in. above rail level 

Note. — ( a) Under items (16) 
and (17) any material stacked by the 
side of the line is to be considered a 
structure in the sense in which the 
word is here used. Item (17) also 
applies to projections of rock, etc., 
from the side of a cutting. 


6 ft. 3 in. 


7 ft. 0 in. 
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(h) T^herc the line is on a curve, 
the horizontal distance of any struc- 
ture from the centre of adjacent 
track is to be increased as follows : — 

(i) where *th§ structure is on the 
outside of the curve, by the 
amount shown in column 8 
of the Appendix ; 

(* v )^where the structure is bn the 
inside of the curve, by the 
amount shown in column 4, 
5, 6 or 7 of the Appendix, ac- 
cording to the h(?ight £he 
structure above rail level. • 

(c) The clearances given above 
are absolute minima and are only to 
bo worked to when it is impossible, 
owing to the structure being between 
tracks, or for other reasons, to erect 
it at a greater distance from centre 
of track. Where possible, structures 
should always be erected at a 
greater distance from, centre of track 
than the minimum allowed under 
J&e rules. 

(18) Minimum height above rail 
level, for a width of 3 ft. from 
centre of track, for over-bridges 
or over-head bracing out of 
stations 


16 ft. 6 in. 
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Note. — Where the line is on a 
curve the width of 3 ft. must be in- 
creased by the amount shewn in 

column 7 or 8 of the Appendix. 

• 

(19) 1 Minimum height above rail 

level for telegraph wires crossing 
tho line 

Note. — (a). .‘The minimum hori- 
zontal distance, from the centre of 
neai( t track, at which a telegraph 
pobt may be erected, is the total 
height of the post"pZws 7 ft. 0 in. 
Wheie the line is in cutting, a tele- 
graph post erected on the berm must 
be at a distance from the edge of the 
cutting of not less than the total 
height of the post. 

(l>) A telegiaph post may, with 
the sanction of the Railway Adminis- 
tratic n concerned, be erected at a 
distance of not less than 9 ft. clear 
from the centre line of the nearest 
track of railway, provided that it is 
strongly stayed or tied back on the 
side away from the railway. 

(20) Maximum height above rail 
level of any part of interlocking 
or signal gear fo*> a width of 6 ft. 
3 in. from centre line of track ♦ 


20 ft. 0 in. 


2 Jin. 
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Note. — Metal ramps must be pro- 
vided on both sides of all interlock- 
ing gear which is fixed between the 
rails of a track and which project^ 
above rail* level, to prevent hanging 
couplings damaging it. 

Tunnels— 

Maximum distance apart of 
refuges in tunnels 

Single Line — 

(22) Minimum height above m rail 
level at centre . . . . • . . 


(23) Minimum width at rail level . 

(24) Minimum width from 1 foot 

above rail level to 14 ft. 6 in. 
above rail level 

(25) Minimum width at 16 ft. 6 in. 

above rail level 

Note. — Where the line is on a 
ourve, the width of the tunnel must 
Jbe increased — 

(i) on the outside of the curVe, 
by the amount shown in 

column 8 of the Appendix. 

(ii) on the inside of the curve, 
by the amoftnt shown in. 

column 4 or 7 of the Appendix. 


300 ft. 

19 ft. 0 in. 
# 13 ft. 0 in. 

14 ft. 0 in. 
6 ft. 0 in. 
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Double Line — 

(26) Minimum height above rail 
level at centre . . 

t 

(27) Minimum width at rail level v . 

(28) Minimum width from 1 foot 

above rail level to 14 ft. G in. 
above rail level 

(29) Minimum width at 1G ft. 6 in. 

above rail level 

Note. — (a) Where the line is on 

a curve, the wjdth of the tunnel 
must be increased by the amounts 
shown in the note to items (23), (24) 
and (25) above, plus the extra al- 
lowance between trades shown in 
column 9 of the Appendix. 
j (6) Unless the cost is prohibitive, 
the dimensions given in items (22) 
to (29) of Chapter I. R. of the Sche- 
dule of Recommended Dimensions 
should be adopted. 


20 ft. 0 in. 

27 ft. Oin. 

28 fM) in. 
20 ft. 0 in. 
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to. M.— STATION YARDS. 

Note. — The expressions “in 
stations 9 ’ and “out of stations” are 
to be interpreted in accordance wijh 
the definition of “Station limits” * 
given in Rule I (31), Chapter I, 

Part I, of the General Rules for Open 
Lines, 1906, viz . — “Station limits” 

Tynans the portion of a railway which 
is uncTer the control of a Station 
Master and is situated between the 
outermost signals of the Station. 

Spacing of Tracks — 

(1) .Minimum distance centre* to 

centre of tracks 14 ft. 0 in. 

Note. — ( a) Where the line is on 
a curve, the distance must be in- 
creased by the amount shown in 
column 9 of the Appendix. 

(6) Where it is necessary to place 
a water column, signal post or over- 
bridge standard, etc., between the 
tracks, the distance must, if neces- 
sary, be increased to comply 
•with items (11), (13) and (14) below 
and the notes appended thereto. 

Length of Sidings — 

(2) Minimum clear available length 

of one siding at anj station where 

it is intended to cross trains— 
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(a) at a non-watering station 
— 7 per cent, longer than 
the longest train permitted 
tp run on the section. 

{by at a watering station-*’— such 
that when the train engine 
is standing (and taking 
water) at the water column 
the rear of the longest train 
permitted to run on the 
section shall be at least 50 
ft. clear of the. fouling mark, 
(c) Although, owing to the 
• want of powerful engines, it 
may not be necessary to 
provide long sidings in the 
first instance, land must be 
acquired for them and no 
building, level crossing, or 
other obstruction must be 
permitted that will interfere 
with one crossing siding be- 
ing lengthened to the fol- 
lowing dimensions : — 

On sections of the Minimum 

Railway where the clear avail- 
ruling gradient is — able length 

of one siding 
1 in 500 or flatter 2,500 feet. 
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between 41 ! in 500 and 1 in 

300 .. 2,000 feet 

„ 1 in 300 and 1 in 100 1,800 „ 

„ 1 in 100 and 1 in 50 1,600 „ 

steeper than 1 in 50 . . 1,200 „ * 

Platforms — 

(3) Maximum and minimum hori- 
zontal distance from centre of 
t^ock^to face of platform -coping. 

(3a) Minimum horizontal distance 
from centre of track to face of 
platf omi wall . . t 

Note. — (a) If the platf dhn # be 

on the inside of a curve, the 
horizontal distance from centre of 
track must fio increased by the 
amount laid down in column 4, 5 
or 6 of the Appendix according to 
height of platform* 

(6) If the platform be on the 
outside of a curve, the horizontal 
distance from the centre of track 
must be increased by the amount 
laid down in column 8 of the Ap- 
**£0&diz. 

(c) Item (3a) may be 5 ft. 6 in. 
instead of 6 ft. 3 in. if the wall is of 
such a nature that it can be cheaply 
moved back 9 in. or it the distance 
from the centre of tracK alongside a 


5 ft. 6 in* 

6 ft* 3 in* 
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platform to the next adjoining tractt 
or structure be increased by 9 in. 

(d) Signal wires or supports for 
signal wires may be allowed under- 
neath Ibhe platform coping. f • 

(4) Minimum height above rail level 

for high passenger platform . . 2 ft. C in. 

(5) Maximum ^ height above rail 

level for any passenger platform. 2 ft. 9 in. 

(5a) Maximum height above rail 

level for low passenger platform. 1 ft. 2 in. 

(6) Maximum,, height above rail 

level for goods, carriage, and 
horse-loading platform (except 
end-loading platform) . . . . 3 ft. 6 in. 

Note. — (a) Platforms may be 
flush with rail level. 

(i b ) The ends of all platforms 
(except end-loading platforms) must 
be ramped to a slope of not less than 
1 in 6 for a distance of not less than 
3 ft. 6 in. from the edge of the plat- 
*form, the rest can be either ramped to 
the same slope or fenced. 

Buildings and Structures — 

(7) Minimum horizontal distance of 
any building or longitudinal 
boundary fence from the edge of 
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a passenger platform which is 

not an island platform . . . . 18 ft. 0 in. 

Note. — F or the return end of 
platform fencing this item may be 
reduced to 3 ft. 6dn. 

(8) Minimum horizontal distance of 
any building from the edge of an 

island passenger platform , . . 12 ft. 0 in. 

(9) Minimum horizontal distance of 
any building from the edge of 

a goods platform . . . . 6 ft. 0 in. 

(10) Minimum horizontal* distance 
from edge of any platform to a* 
pillar, column, lamp, or similar 
isolated structure within a height 
of 14 ft. 6 in. from rail level . . 6 ft. 0 in. 

Note. — (a) It is desirable that 
items (7), (8), (9) and (10) shall be 
increased by at least 9 in. so that 
the distances from centre of a 
straight track may be 24 ft. 3 in., 

18 ft. 3 in., 12 ft. 3 in., and 12 ft. 3 
in. respectively or that the distance 
frout-tfie centre of track alongside a 
platform to the next adjoining track 
or structure be increased by 9 inches. 

(6) Items (7), (8); (9) and (10) 
apply to buildings and,, isolated 
structures, not readily removable, 

IS 
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erected on ground over which it Is 
anticipated that a platform may be 
extended in the future. 

(c) ^ A pillar or column which 
coders more than 4 square feet in 
plan, must be classed as a ‘'‘building” 
and not as an “isolated structure.” 

(d) A ramp or staircase of an 
overbridge must also be classed 
as a “building.” Infringements 
dimensions (7) and (8) will usually 
be sanctioned for any particular 
ramp or staircase if recommended 
by the Government Inspector. 

(e) Item (10) applies to packages 
and parcels lying on a platform. 

(11) Minimum horizontal distance 
from centre of track to any 
structure, which is not a plat- 
form, from rail level to 1 foot 
above rail level . . t . 

Note. — (a) Signal wires or sup- 
ports for signal wires may be allowed 
6 ft. 0 in. from centre of track pro- 
vided -they are not more than 6 in. 
above rail level. 

(&) To the above minimum 
horizontal distance must be added 
allowance for cufves according to 
column 4 or 8 of the Appendix. 


6 ft. 3 in* 



1T53 

\3fi) Minimum horizontal distance 
from centre of track alongside a 
passenger platform to any struc- 
ture facing the platform or less 
than 100 it. f beyond the end of 
the platform, from 1 foot above 
• . rail level to 14 ft. G in. above 

rail level 9 ft. 0 in. 

Note. — (a) This rule does not 
apply to a water crane, standard of 
overhead watering arrangements, 
point lever, signal post and standard 
of signal bridges between tracks* the 
Oft. in these cases becoming the 7 
- ft. 0 in. of Item* (13) and (14) below; 
nor docs it apply to a loading gauge. 

(b) Where the structure is on the 
inside of a curve, an extra width must 
be allowed as shown in columns 5 to 
7 of the Appendix. Where the 
structure is on the outside of a curve, 
an extra width must be allowed as 
shown in column 8 of the Appendix. 

(13) Minimum horizontal distance ‘ 
from centre of track to any part 
of a water column, standard, 
signal or point lever, from 1 foot 
above rail level to 14ift. 6 in. 
above rail level . . . . .. 7 ft. 0 in. 
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Note. — For extra allowance on 
curves, see note (6) to item (12). 

( 14 ) Minimum horizontal distance 
from centre of track to t any 
structure not in the vicinity of a 
passenger platform, and not 
on a goods platform, from 1 foot 
above rail -level to 14 ft. 6 in. 

above rail level . . . . . 7 ft. 0 in- 

Note. — (a) Coal or any material 
stacked by the side of any track is to 
be considered a structure in the sense 
in which c the word is here used. 

(t) For extra allowance on 
curves, see note (fc) to item (12). 

( 15 ) Minimum height above rail 
level, for a width of 4 ft. 6 in. 
from centre of track, of tie-rods 
or underside of any continuous 
covering in a passenger station 20 ft. 0 in. 
Note. — (a) This does not apply 

.to overhead piping parallel to the 
track. 

(b) A projecting overhanging 
roof is permissible in the case of a 
goods shed on a siding, if it does not 
infringe the outline of the figure for 
minimum fixed structures out of 
stations. 
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• (16) Minimum height above rail 
level, at centre of track, for foot 
bridge or other over-bridge cross- 
ing the line in stations . . 

Points and Crossings — 

(17) Maximum height above rail 
level of any part of interlocking 
or signal gear from centre line to 
6 ft. 3 in. from centre line 
Note. — (a) Metal ramps should 

be provided over all interlocking 
gear projecting above rail lev<i bet- 
ween rails to prevent hanging 
couplings catching in the gear ; 

(b) For signal wires or supports, 
see note (a) to item (11). 

(18) Minimum horizontal distance 
from centre of track to point 
handle, indicator or any part of 
pdint apparatus from 24 in. 
above rail level to 1 foot above 

rail level 

2fbTE. — (a) A point handle may 

not, in any position, be within 
6 ft. 3 in. of the centre line of nearest 
track ; a clear distance of 6 ft. 3 in. 
is also to be preserved from centre 
of nearest track to any )>art of the 
point apparatus, fixed or moveable* 


J6 ft. 6 in. 


_ 24 in. 


6 ft. 3 in. 
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more than 2\ inches above rail level. 
An arrangement involving the plac- 
ing of a point handle be tween tracks 
should be avoided so far as piacti- 
cablc. * 

k 

(b) On curves, the distance must 
be increased by tin* amount shown 
in column 4 or 8 of the Appendix. 

(19) Maximum clearance of chp rt k 
rail opposite nose of crossing 


and at heel of swilcli rail . . 1^ in* 

(19a) Minimum clorrance of check 
rail opposit e nose of crossing 
and at heel of switch rail. . . 3; in. 

(J9b) Maximum clearance <af wing 

rail at nose of crossing . . . . J l in. 

(19c) Minimum clearance of wing 

rail at nose of crossing . . . . 1J in. 

(20) Minimum clearance between 
toe of open switch and stock 

rail 4 1 in. 

(21) Minimum depth of space below 

rail level for wheel flange . . ' 1-J in. 

(22) Minimum radius of curve for 
slip points, turnouts or crossover 

roads 800 ft, 

Note. — This maf be reduced to 
the proper radius for a turnout from 
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ihe straight with a 1 in 8| crossing, 
the curve being tangefitial to the 
switch rail and a- short length of 
straight at the crossing. 

(23) Minimum •angle of crossing 1 

(ordinary) . . . . - . 1 in 12. 

Note. — Crossing as sharp as 1 in 

16 will usually be sanctioned if ro- 
coiumend'iij bv the Clovemmefct In- 
spector. ^ 

(24) Diamond crossing not to be 

Hatter than . . . . . . 1 in 10 

(25) Minimum length of tongite rail 12 ft. 

(26) Minimum length of train pro- 
tection. point locking or fouling 

treadle bar . . . . . . 42 ft. 

Note. — There must be no change 
of super-elevation (of outer over in- 
ner rail) between points 60 ft. out- 
side toe of switch and nose of cross- 
ing respectively. 
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III. M.— WORKSHOP AND STATION 
MACHINERY, 

Water Tanks and Water Cranes — . 

< “ fc 

(1) Minimum distance from centre 
of track to face of tank-house 
less than RX) It. beyond the 

end of a passenger platioim ^ . . 18 ft. 0 in. 

(2) Minimum hoiizontal distance 
from centre of track to any part 
of water column from ] loot 
above rail level to 11 A. G in. 

above rail level 7 ft. 0 in. 

Note. — Fur extra allowifiico on 
curves, see note (b) to item 12 of 
Chapter II. M. 

(3),(1),<5)&(6): see items (3), (4), 

(5) & (G) of Chapter III R, of the 
Schedule of recommended Dimensions. 

Ash-pits, etc.— 

(7) Average depth for ash-pits in 

station yards and for carriage- 
examining pits 2 ft. 6 in. 

Running Sheds and Workshops — 

(8) Minimum distance centre to 

centre of tracks 14 ft. 0 in. 
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(9 ) Minimum clear distance from 
centre of track to any isolated 
structure, such as a pillar 

(10) Minimum cigar distance, for a 
height of 6 ft. above rail level, 
from centre of track to any con- 
tinuous structure 

(11) Minimum height aboVe rail 
level to tiSbars, girders, etc. . . 

(12) Minimum height of doorways, 

if flat at top 

(13) Average depth for pifs m 
running Sheds . . 


6 ft. 6 in. 

9 ft. 0 in. 
16jt. 6 in. 
16 ft. 6 in. 
2ft. 6 in. 
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IV. M.— ROLLING STOCK. 

Maximum moving dimensions — 

Maximum width over all projec- 
tions — 

(1) At 4 inches above rail level 

when fully loaded . . . . 8 ft. 0 in. 

(2) At 1 foot above rail level when 

fully loaded . . . ^ .. 10 ft. 0 in. 

(3) iHrom 1 foot above rail level 

when fully loaded to 3 ft. 9 in. , 
above' to ' i level when fully load- 
ed 10 ft. 0 in. 

(4) From 3 ft. 9 in. above rail level 
when fully loaded to a height of 
11 ft. 6 in. above rail level 
when empty : — 

(i) for bogie vehicles . . .. 10 ft. 0 in. 

(it) for four-wheeled vehicles . . 10 ft. G in. 
Note. — In the case of bogie vehi- 
cle an over-all width of 10 ft. 6 in. 

' may be allowed over hand rails, door 
handles and lamps from a height of 
4 ft. to a height of 7 ft. 6 in. above 
rail level. 

Maximum width over open doors, 
including all projections — 

(5) for passenger vehicle . . . . 13 ft. 3 in. 
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(0^ for goods vehicle . • . . 14 ft. 0 in. 

Note. — D oors of horse boxes, 
brake-vans, luggagd vans and rising 
and feeling flap doors of goods wagons § 
arc exempted fr$m this rule. * 

• Maximum height above rail level — 

(*7) At centre of unloaded vehicle - . 13 ft. 6 in. 

(8) At sides of unloaded vehicle 10 

ft. 6 ml vvi?* 11 ft. 6 in. 

(8a ) At sides of unloaded vehicle 

10 ft. 0 in. wide 11 ft. 7J in. 

(9) Minimum height above raiMev«d 

when fully loaded for a width of » 

4 It. 0 in. from centre of track . . 4 in. 

(10) Minimum height above rail 

level when fully loaded at 5 ft. 

from centre of track . . . . 12 in. 

Loading gauge for goods— 

(11) Maximum width . . . . 10 ft. 8 iu. 

(12) Maximum height above rail 

level at centre 13 ft. 7 in. 

(13) Maximum height above rail .. 

level at sides . . . . * 11 ft. 7 in. 

Note. — T he loading gauge is for 
testing loaded and empty vehicles, 
the maximum moving dimensions 
are given in items (4), <7) and (8) 
above. 
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Wheel base and length of Vehicle — 

(14) Maximum rigid whpel base for 

four-wheeled vehicle . . . . e i0 ft. 0 in. 

(15) £ Minimum distance apart of 

bogie centres for bogie vehicle . . of length 

of body, of 
vehicle. 

(16) Maximum distance of 

bogie centres for bogie vehicle . . 48 ft. 0 in. 

(17) Minimum rigid wheel base for 

bogie ve]r ic!e . . . . . . 8 ft. 0 in. 

(18) , Maximum length of body or 
roof for — 

(i) bogie vehicle . . . . G8 ft. 

(ii) four-wheeled vehicle . . 28 ft. 

(19) Maximum distance apart bet- 
ween any two adjacent axles . . 39 ft. 

Wheels and Axles — 

(20) Maximum and minimum wheel 
• gauge, or distance apart, for all 

wheel flanges JFft. 3 in. 

(21) Maximum and minimum dia- 
meter on the tread for new 
carriage or wagon wheel, mea- 
sured at 2 in. from wheel-gauge 

face 3 ft. 7 in. 
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. (221 Minimum projection for flange 
of new tyie below rail level, 
measured at 2 in. from inside of 
tjif\ 1 J in. 

(23) Maximuili projection for flange 1 , 

of worn tyre below rail level . . if in. 

(24) Maximum thickness of flange 
of tyTe measured at | in. from 

outer edg«ko£flange . . . . 1 J in. 

(25) Minimum thickness of flange of ** 

tyre § in. 

(2G) Minimum width of tyre — ^ * 

(i) Locomotive, coupled wheels , 5J in. 

(ii) Locomotive, other than 

coupled * . . . . 5 in. 

(tit) Tender, carriage and wagon 5 in. 

(27) Incline of Tread . . . . 1 in 20. 

Height of Floors — 

(28) Maximum height above rail 

level for floor of any unloaded 

vehicle .. 4 ft. 5 in. 

(29) JSnimum height above rail , 

level for floor of fully loaded 
passenger vehicle . . . . 4 ft. 1 in. 

(30) Minimum height above rail 

level for floor of fully loaded 

goods vehicle . . * . . . . 3 f fc. 8£ in. 
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Buffers and Couplings — 

(31) Maximum and minimum dis- 
tance apait for centres of buffers 

(32) Maximum height above* rail 
le\ el for centres of buffers for 
unloaded vehicle 

(33) Minimum height above rail 
level for centres of buffer’ f° r 
Mly loaded vehicle 

Accommodation — 

(34) Minimum width of seat per 

passenger 

(35) Minimum floor area per pas- 
senger 

(36) Minimum cubic capacity per 
passenger 

Electrical Standard Dimensions — 

Minimum -height from rail level to 
the underside of a live conductor : — 

(а) In under-bridges and tunnels . . 

(б) In the open 

(c) Where there is a likelihood of men 

standing on the top of vehicles. 

(d) At level crossings 


6 ft. 5 in. 

3 ft. in. 

3 ft. in. 

19£ in. 
3J : q. ft. 
25 c. ft. 

ft) ft. 6 in. 
18 ft. 0 in. 

24 ft. 6 in.* 
18 ft. 0 in. 
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(e) The flimensions which fix the 
* amount of vaiiation of the wire 
either side the* centre line also 
distance between live wire and 
structures * Ojt 6 in. 


41. Standard Dimensions Recommended. 

5 FT. 6 IN. GAUGE. 


I. R.— GENERAL: 

Formation, Single Line — 

(1) Minimum width in embankment 20 ft. 0 in. 

(2) Minimum width in cutting {ex- 
cluding side draim) . . . . 18 ft. 0 in. 

Formation, Double Line — 

(3) Minimum width in embankment 35 ft. 6 in. 

(4) Minimum width in cutting {ex- 
cluding side drains) . . .. ‘33 ft. 6 in. 

Note. — (a) where the line is 
on a curve, the width of formation 
must be increased by the amount 
shown in column 9 of thd Appendix. 
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Spacing of Tracks — 

(5) Minimum distance centre to 
centre of tracks (outride station 
limits) 15 ft. 6 in. 

Note. —( a) The expression 
“station limits” means the portion of 
a railway which is under the control 
of a Station Master and is situated 
between the outermost signal* * of 
tho Station vide Rule 1 (31)/ Chapter 
I, Part I, of the General Rules for 
Open Lines (1906). 

(b) wkeitfthe line is on a curve, 
the -distance between tracks must 
be increased by the amount shown 
in column 9 of the Appendix. “ 
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'Transition approaches to curves— 

(6) Length in fegt of transition 
curve when the shift is 2 ft. 8 in. 

=^=8y^R 

(7) Alternative formula for length 

of transition curve in feet . . — 6 x per- 
missible 
speed in 
miles per 
hour. 

Gradient in Station— 

(8) Maximum gradient in statioTi'ynrd 1 in 1000 
Note. — (a) It is very desirable 

that the gradient in a station yard 
should be kept'as flat as possible. 

Except where great expense is in- 
volved it should not be made steeper 
than 1 in 1000. 

(b) Hump or gravity yards are 
exempted from this rule. 

Ballast — 

(9) Width of ballast at level of foot 

of nail 11 ft: 0 in. 

(10) Depth of ballast below sleepers 8 in. 

Sleepers— 

(12) Minimum number of cross 

sleepers per mile .. . . 5J11 2. 


13 
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Note. — 12 sleepers per 30 feet 
iuil— 2112 sleepers per mile. 15 
sleepers per 36 feet rail= 2,200 sleepers 
per mile. 

Buildings and Structures — 

(17) Minim um horizontal distance, 
from centie of track to any struc- 
ture, except a platform, from 1 
foot .above rail level to 14 f£ fl 6 in. 

^tobove rail level 

(18) Height above rail level, for a 
width of 3 foot, each side of 
centre 6i track, for over- bridges or 
over head bracing out of stations. 
Note. — For additions to items 

(17) and (18) on curves, see columns 
5 to 8 of the Appendix. 

(19) Minimum height above rail 
level for telegraph wires cross- 
ing the line 

Tunnels, Single Line — 

(22) Minimum height above rail 

level at centre 

(23) Minimum width at rail level . 

(24) Minimum width from 1 foot 
above rail level to 14 ft. 6 in. 
above rail level . . 

(25) Minimum w?dth at 17 ft. 0 in. 

above rail level 


7 ft. 9 in. 


17 ft. 0 in. 


22 ft. 6 in 


21 ft. 6 in. 
14 ft. C in. 


16 ft. 0 in. 
<5 ft. 0 in. 
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Note! — Where the line is on a 
?urve, the width of the tunnel must 
be increased — 

(i) On the outside of the curve, 
by tl*e amount* shown in column 8* 
of the Appendix. 

(ii) On the inside of the curve, by 
the amount shown in column 4 or 7 
of the Appendix. 

Tunnels, Double — 

(26) Minimum height above rail 

level at centre . . . . . . 22 ft. 6 in. 

(27) Minimum width at rail levsJJ^ . 30 ft. 0 in. 

(28) Minimum width from 1 foot 

above rail level to 14 ft. 6 in. 

above rail level 31 ft. 6 in. 

(29) Minimum width at 17 ft. 0 in. 

above rail level — .. . * 21 ft. 6 in.. 

Note. — (a) Where the line is on 
a curve, the width of the tunnel must 
be increased by the amounts shown 
in the note to items (23), (24) and 
(25) above, plus the extra allowance 
betareen tracks shown in column 9 of 
the Appendix. 

(b) The above items* for single 
and double line tunnels are strongly 
recommended for use on all lines as 
the cost of any subsequent enlarge- 
ment of tunnel section is^prohibitive. 
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II. R. — STATION YARDS. 

Note. — The expressions “in 
stations” and “out of stations” are 
to bo interpreted in accordance with 
the ^definition of “Station * limits ’ 
given in Rule I (31), Chapter 1, Part 
1, of the General ltuhs for Open 
lines, 1906, viz., “Station limits*' 
means the portion of a railway which 
is under the control of a* Station 
Master and is situated between the 
outermost signals of the Station. 

Spacing of Trac^/s— 

(1) Minimum distance centre to 
centre of tracks 

Note. — (a) Where the line is on 
a curve, the distance must be in- 
creased by the amount shown iu 
column 9 of the Appendix. 

(b) Where it is necessary to place 
a water column, signal post or over- 
bridge standard, etc., between the 
tracks, the distance must, if neces- 
sary,, • be increased to comply with 
items (12), (13) and (14) below and 
the notes appended thereto. 

Platforms — 

(2) Minimum length of passenger 

platform * . *. 


15 It. 0 m. 


800 ft* 
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Buildings a’hd Structures — 

(7) Minimum horizontal distance 

from centre of track to any 
building, or* longitudinal boun-* 
dary fence on a passenger 
platform which is not an island 
platform 30 ft. 0 in* 

Note. — For the return end of plat- 
form fencing thiiMtom may be reduced 
to 3 ft. 6 in. from edge of platform. 

(8) Minimum horizontal distaifee 
from centre of track to any 
building on an island passenger 

* platform . # 18 ft. 3 in. 

(9) Minimum horizontal distance 
from centre of track to any 
building on a goods platform . . 16 ft. 3 in. 

(10) Minimum horizontal distance 
from centre of track to a pillar, 
column, lamp, or similar isolated 
stjpcture on any platform with- 
in a height of 14 ft. 6 in. from** 
rail level .. 16 ft. 3 in. 

Note.— ( a) For additions to 
items (7), (8), (9) and (10) see 
columns 4 to 8 of th<j Appendix. 

Distances from edge of a straight 
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platform corresponding to the above 
items are 24 ft. 6 in., 12 ft. 9 in., 10 
ft. 9 in., and 10 ft. 9 in., respectively. 

(b) ^trms (7), (8), (9) and (10) 
apply to buildings and isolated Struc- 
tures, not readily re moveable, erect- 
ed on ground over which it is anti- 
cipated that a platform may be ex- 
tended in the future. 

(-) A pillar or column ' which 
covers more than 4 square feet in 
plan, must be classed as a “ build- 
ing” an ,not as an “ isolated 
structure.'” 

(d) A ramp or Btaircaso of an 
overbridge must also be classed as 
a “building.” 

(12) Minimum horizontal distance 
from centre of track alongside a 
passenger platform to any 
structure facing the platform 
or less than 100 ft. beyond the 
end of the platform, from 1 foot 
above rail level to 14 ft. 6 in. 
above rail level . . . . . . 10 ft. 0 in* 

Note. — (a) This rule does not 
apply to a water crane, standard of 
overhead watering arrangements, 
pole of electric transmission line,, 
point lever, signal post and standard 
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' of signal bridges between tracks, 
tie 10 ft. in these cases becoming 
the 7 ft. 9 in. of items (13) and (14) 
below : nor does it* apply to a load- 
ing gAuge. 4 (j 

(6) Where the structure is on the 
inside of a curve, an extra width 
must be allowed as shown in columns 
4 to 7 of the Appendix. Where the 
structure is on the outside of a curve, 
an extra width \*ust be allowed as 
shown in column 8 of the Appendix. 

(13) Minimum horizontal distance 
from centre of track to any ^art 
of water column, standard, sig- 
nal or point lever from 3 ft. 9 in. 
above rail* level to 14 ft. 6 in. 
above rail level 

Note. — For extra allowance on 
curves, see note ( b ) to item (12). 

(14) Minimum horizontal distance 
from centre of track to any 
structure not in the vicinity of a 
g^ssenger platform, and not on 
a goods platform, from 1 footf 
above rail level to 14 ft. 6 in. 
abdve rail level . . 

Note; — (a) This rule does not 
apply to any part of yater column. 


.7 ft. 9 in. 


7 ft. 9 in. 
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standard, signal or point lever from 
1 ft. above rail level to 3 ft. 9 in. 
above rail level, the 7 ft. 9 in. in 
these cases becoming the 7 It. of 
item (11) of Chapter II. M. 

(by $*or extra allowance * on 
curves, see note (b) to item (12). 

(15) Minimum height above rail 
level, for a yvidth of 4 Lt. 0 in. 
from centre of truck, of tic-rods 
oi underside of any c3!ftinuous 
covering in a passenger station. 22 ft. 6 in. 

Note.— 1 '{a) This does not apply 
to overhead water piping parallel 
to the track. 

(6) A projecting overhanging 
roof is permissible in the case of a 
goods Rlied on a siding, if it does not 
* infringe the outline of the figure re- 
commended for minimum fixed 
structures out of stations. 

(1C) Minimum height above rail 
level, at centre of track, for 
. foot bridge or other over-bridge 
crossing the line in stations . . 19 ?t. 0 in. 
Points and Crossings— 

(23) Angle of Crossing to be used in 
turnout and crossover run over 
by a passenger trapi . . . . 1 in 12. 
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•ra. ^WORKSHOPS AND STATION 
MACHINERY. 

Water Tanks and Water Cranes — 

(1) Distance from centre of track to 
. face of tankhousc wlien less than 
100 ft. beyond the end of a 
passenger platform . . . . 30 ft. 0 in, 

'2) Minimum horizontal distance 
from centre of tiack to any part 
of water column from 1 foot 
above rail level to 14 ft. 6 in., 

above rail level m 7 ft. 9 in. 

Note. — F or extra allowance on 
curvcvS, see note ( b ) to item (12) of 
Chapter II. M. ' 

(3) Minimum height for bottom of 

tank above rail level at water 
column — 

(a) for watering engine . . 25 ft. 0 in. 
N (6) for washing out engine . . 40 ft. 0 in. 

(4) Minimum total tank capacity 

at aay station 2^09 x. ft, 

'or 12,500 
gallons. 

(5) Minimum height above rail level 
for discharge orifice of water 

crane . . . . » . .. 12 ft. 0 in. 
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(6) Minimum internal diameter *or 

piping from tank to water crane 8 in. 

Note. — Items No. *(3), (4), (5) 
and (6) are strongly recommended 
for Use on all lines, as experience lias 
shown the utmost importance not 
only of the provision of an ample 
suppl} of water, but also the neces- 
sity of ensuring a quick flow into 
^ngine tenders. Any failure or de- 
lay in watei supply is liable to cause 
serious dislocation to tiaflic. 

Ash-pits, e&v, — 

(7) * Minimum clear length at bot- 

tom for ash-pit 65 ft. 0 in. 

Engine Running Sheds - 

(8) Minimum distance centre to 

centre of tracks 18 ft. 9 in. 

(9) Minimum clear distance from 
centre oi track to any isolated 
structure, such as a pillar . . 8 ftf. 3 in. 

• (101 Minimum clear distance, for 
height of 6 ft. abo\e rail level, 
from centre of track to any con- 
tinuous structure . . . . 10 ft. 9 in. 

(11) Minimum height above rail 

level to tie-bars, girders, etc. . . 18 ft. 0 in. 



(8) Minimum distance centre to 

centre of tracks . . . . . . 15 ft, 0 in. 

• 

(9) Minimum * clear distance from 
centre of track to any isolated 

* structure such as a pillar . . 7 ft* 6 in. 

*(10) Minimum height above 4 rail 

level to tie bar.:, girders, etc. . . 17 ftvJ) in. 
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APPENDIX. 


45. Extra Clearances on Curves. 


Degree of curve. 

< 

r ~ ' 

Radius of curve. 

Super-elevation. 

EXTRA nLEARANOE 
BETWEEN STRUCTURE AND 
ADJACENT TRACK. 

§ 

E 

1 

H 

(A 

i 

< 2 
eg 

Inside op curve 

Outside 

of 

Curve/ 

Rail 

level 

to 

1 foot 
above. 

2' 9" 
plat- 
form. 

3' 6* 
plat- 
form. 

Any 
height, 
above 
3' 9" 

Any height. 

1 

2 

3 

4 

5 

? 

* 

* 

9 


Feet. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

1° 

6,730 

1 

1 

1 

1 

3 

5 

6 

2° 

2,865 

2 

2 

2 

3 

6 

5 

8 

3° 

1,910 

3 

3 

4 

4 

9 

6 

10 

4° 

1,432 

4 

3 

5 

6 

mm 

6 

11 

5° 

1,146 

5 

4 

K| 

7 

B£fl 

mm 

13 

6° 

955 

6 

5 

mm 

8 


KV 

, 15 

7° 

819 

6 

6 

8 

9 

WB 


16 

8° 

716 

6 

6 

9 

10 



i.8 

9°* 

637 

6 

7 

9 

10 



19 

10° 

'673' 

6 

8 

10 

11 
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Note.— ( a) The clearances are calculated for the degree 
of curvature and super-elevation shown in the Table and are 
to be adopted for these and any less super-elevations. •« 


(6) Column 3 has been calculated for a speed of 36 miles 
an hour. ' 
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' y ^Note on extra Clearance on Curves culled from 
the’ Schedule of Standard Dimensions, 5' 6* Gauge, 
1922. 

*Rote on exti^ Clearance on Curves — 

1. It has been contended that the •extra 
clearances prescribed in the Appendix to the 
Schedule of Dimensions of 1913 for 5 ft. 6 in. 

t/5§jige are too liberal. 

2. The contention isj^ased on the assumj&ion 
that extra clearances on curves are required only 
because a vehicle standing on a curve lies along 
a chord of the curve, so that its ends overhang the 
outside of the curve and its middle overhaivgs the 

inside of the curve. 

• 

, Extra clearancfis are, however, also required 
on account of the effect of “super-elevation of 
outer over inner rail” and on account of the “lurch” 
of a moving vehicle* 

(a) Curvature — 

3. VThe extra clearance required on the inside 
of a curve^on account of a vehicle lying along a 
chord of the curve, is the versine of a clyard equal 
in length to the distance between the bogie- 
truck centres. 

The extra clearance required on the^outpicRT 
of a curve is the difference between the versines 
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of two chords equal in length to : — 

(1) the over-all length of the bogie vehicle, and 

(2) the length bet w cen the bogie-truck centres. 

5. Formula for versine : — 

if V=versine in feet, j 

B=radius of curve in feet and 
C=length of chord in feet, 

C 2 

then V m feet. 

fcf. The distance btffreen the bogie-tmek 
centres of the longest bogie vehicles in use at 
present is 48 feet. The maximum over-all length 
of bogie vehicle bodies is 68 feet. 

7. If the versines V and v for 68 ft. and 18 ft. 
chords are calculated, it will be found that A =2v 
near enough for all practical purposes. 

(b) Super-elevation — 

3. Superelevation tends to tilt a vehicle to- 
wards the inside of the curve and thtfefoic to 
reduce the distance between the vehicle and a 
fixed structure inside the curve. The redaction 
varies from nothing at rail level to a maximum at 
the eave^ of the vehicles. 

9. Formula for Super-elevation allowance : — 
if S = reduction of clearance, between vehi- 
1 cles and fixed structure, due 
super-elevation, 
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• . . 

h == height of point of vehicle under con- 
fide ration above lail level, 
s =■= super-election of outer over inner rail, 
t and 

g =gatigeW track, 

then S = h X — * 

8 

4tmbined effect of Curvature and Super-elevation — 

10. To provide for a vehicle at rest on a cujjred 
track alongside a fixedly irnture we must provide 

extia cleaiances as follows : — 

• # 

v+S on the inside of the curve injease the full 
amount of super-elevation is allowed, and 
v^on the outside ot the curve in case there is 
no super-elevation. 

ifi) Lurch — 

11. A \ehicle moving round a curve is liable to 1 
lurch on account of (i) play in bolsters, (ii) com- 
pression and extension of springs due to centri- 
fugal tendency, and (tit) unevenness of track. 

A few measurements of lurch were recorded 
during Experiments with long bogie vehicles 
on Indian railways in 1908 but they were not 
numerous enough to settle a reliable formula 
which would cover all conditions. 

** it is believed that the figures in the Appendix 
to the Schedule of 1913 allcyv for a lurch of 4 inches 
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at the end of a vehicle on the outside of all cu*f es 

g 

and for a lurch = -7- at the middle of a vehicle on 

the inside of all curves. These amounts must be" 
accepted until further experiments produce more 
reliable results. 

Lurch also takes place on the straight, 

experiments are necessary to ascertain tfee* 

amount of it. The lurches of four inches and 

£S on curves are asz>u .tfd to be additional to 

any lurch which occurs on LLe straight. 

Combined effect of Curvature, Super-elevation and 

Lurch— 

* 

12. The total extra clearances to be pro- 
vided between a vehicle and .a fixed structure 
are therefore : — 

v + 4" on the outside of a curve, and 
v + l S on the inside of a curve. 

Extra clearances required between parallel curved 
tracks — 

13. There are four possibilities : — 

(1) Two trains at rest on the tracks, 

(2) the train on the outer traJr station- 
ary and the train on the inner track 
running at speed, 

(3) two trains passing one another at' 
speed, and 
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m (i) the train on the inner track 
stationary and the train on the 
•outer track running at speed. 

14. In # case (1), assuming equal super- 
elevation on th*e t^o tracks, the extra Clearance 
required on account of the train on the outer 
track is v + S and the extra clearance required 
on account of the train on the. inner track is 
v — S : for the end of a vehicle on the ijyjer 
track may be opposite ^he middle of a vehicle 
on the outer track. The total extra clearance 
is therefore v -f v, i.c., 2v (Jr V. * 

Case (2) is worse than case (1) Because 
we must allow for lurch on the inner train; 
the extra clearance required is 2 v + 4", i.e., 
V+4*. 

^ Case (3) is possibly not so bad as case (2), but 
w-e must allow for the two trains lurching 
in opposite directions and therefore provide extra 
clearance amounting to V + 4* + £S if both tracks 
havQ the same super-elevation. 

Case (4) is not so bad as (3) because the station- 
ary train vpill not lurch. 

So the worst possible case is case (3) and the 
clearance required is not less than V + £S -f 4*. 
Summary — 

•*15. The various columns in the Appendix Table are 
therefore calculated from thetollowing formula: — 
*14 
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Columns 4, 5, 6 and 7 from the formula v„+ ' 

Column 8 „ „ „• v 4- 4". 

Column 9 „ * „ V+iS+4* 

where V = “versine” of a 68 ft. chord 

X 12 in. 

48 X 48 

v - “ver&ine” of a 48 ft. chord = 8> , radiuH 
X '12 in. 

0 h X (8uper-elevation according to column 3). 
^ T “5J m ’ 

and h 1 for column 4. 

2| for column 5. 

3i for column 6, and 

11 or ) whichever is greater for columns 7 
14 less 3" J and 9. 

For curves over 3° the additional clearance to 
be provided between a vehicle and a fixed structure 
on the inside of a curve is greater than the additional 
clearance required between parallel curved tracks 
haying the same curvature and super-elevation. 

If a ‘signal post or water column be fixed 
between tracks on a curve the extra allowance 
will be the thickness of the obstruction plus the 
siim of the figures given in columns 7 and 8 unle§§ 
the obstruction is canted at the same angle as the* 
super-elevation of the*tracks. 
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t The figures in columns 4 to 8 are about the 
same as the ^corresponding figures of the Schedule 
of 1913 even though tjiey provide for the increase 
*due to vehicles with eaves 14 ft. (less 3 in.) instead 
of 11 ft. 6' in. high find no reduction made, for the 
allowance for* lurch already provided for on the 
straight. 

The figures in column 9 only apply to extra 
efearances between tracks which have no obstruc- 
tion between them. 2%ey are smaller thanTEhe 
corresponding figures of the Schedule of 1913 as 
no allowance was made in 1913 for 'the super- 
elevation of the inner track. The figures in column 
9 are equal to the sum of the figures in columns 7 
and 8 .less the displacement due to super-elevation. 

17. The allowances in the Table are probably 
jjj excess of actuals especially in station yards 
where speeds are low and smaller super-elevation 
provided. It is however not considered desirable 
to reduce the allowances imtil further experiments 
und^r all conditions have been made. In special 
cases where space is not available or the expen- 
diture unduly heavy sanction should be obtained 
for any infringement. 
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III. Preface to the First Edition. 

1. Tijv."e are so many authoritative books on 
Poiuts and'Crossings, that an apology is needed 
for presuming to add one more to their number. 
When learning the theory of points and crossing 
work, I strongly felt that although there is a 
“large nuabcr of books on Points and t Crossings, 
some quite .admirable in their way, aj< teLid-book 
wps yet wanting which would treat only of points 
and crossings in a simple way. Most of the exist- 
ing works present the theoretical side of the 
subject which very advanced students will wily 
understand. An attempt has therefore been maae 
in this small book to tre?jt the subject in the sim- 
plest way possible. Though this boo£ has been 
written for the use of beginners, it is hoped that 
it may also prove of some service to those of ripe 
experience iu constructing new tracks. The 
book contains rules and formulae with examples 
Mly worked out in every case. My sole endeavour 
has been to give Amateur Permanent Way In- 
spectors a short and concise bbok which will tho- 
roughly cover their work so far as the points and 
crossings are concerned. 

2. In the preparation of this book, I have re- 
ceived vcluable assistance from several books, 
especially Cole’s “Notes on Permanent Way Material 
and Plate-laying” and Naben’s “Notes on Rail- 
roading” for which I am indebted to those authqr* 

3. All suggestions will bo most thankf ullyVeceived. 

K. N. SALKADE. 





